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An  appropriation  for  the  purpose  of  purchasing  supplies  for  the  Arapahoe  j 
Cheyenne^  Apache^  Kiowa^  and  Comanche  Indians. 


Marcjh  21, 1^1. — Referred  to  the  Committee  on  Appropriations  and  ordered  to  be  printed 


Department  op  the  Interior, 

Washington^  D.  C,  March  14, 1871. 

Sm :  I  have  the  honor  to  transmit  herewith  a  copy  of  a  communica- 
tion, dated  the  13th  instant,  from  the  Commissioner  of  Indian  Affairs, 
reporting  the  necessity  that  exists  for  an  appropriation  for  the  purpose 
of  purchasing  supplies  for  the  Arapahoe,  Cheyenne,  Apache,  Kiowa, 
and  Comanche  Indians,  to  enable  the  Department  to  subsist  them  from 
and  after  the  30th  of  June  next. 

In  view  of  the  facts  stated  by  the  Commissioner,  I  submit  the  matter 
to  Congress,  with  the  recommendation  that  the  sum  of  $250,000  be  ap- 
propriated, or  so  much  thereof  as  may  be  necessary  in  furnishing  said  In- 
dians with  food  and  other  necessaries  of  life,  during  the  fiscal  year  ending 
the  30th  June,  1872.  The  necessity  for  this  appropriation  is  very  great. 
Very  respectfully,  your  obedient  servant, 

C.  DELANO, 

Secretary. 
Hon.  Jas.  G.  Blaine, 

Speaker  House  of  Representatives. 


Department  op  the  Interior, 

Office  of  Indian  Affairs,  March  13,  1871. 

Sir  :  I  have  the  honor  to  state  that  the  appropriation  made  for  the 
subsistence  of  the  Arapahoe,  Cheyenne,  A[)ache,  Kiowa,  and  Comanche 
Indians,  during  the  second  session  of  the  Forty-first  Congress,  will 
doubtless  be  exhausted  by  the  30th  of  June  next ;  and  as  there  was  no 
provision  made  for  their  subsistence  in  the  last  appropriation  act  for 
the  current  and  contingent  expenses  of  the  Indian  Department,  and  for 
fulfilling  treaty  stipulations  with  various  Indian  tiibes  for  the  year 
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ending  June  30, 1872,  and  for  other  purposes,  there  will  be  no  money  at 
the  disposal  of  the  Department  that  can  be  used  to  purchase  subsistence 
for  their  use  for  the  next  fiscal  year,  unless  Congress  makes  an  appro- 
priation for  that  purpose  during  its  present  session. 

Should  the  feeding  of  these  Indians  be  stopped  after  the  1st  of  July 
next,  they  will  again  scatter  to  the  plains,  being  compelled  to  do  so  to 
procure  food,  and  the  labor  and  expense  of  locating  them  where  they 
now  are  will  have  been  of  no  use  or  permanent  benefit,  either  to  the 
Government  or  the  Indians;  besides,  in  all  probability,  they  will,  in 
view  of  their  restless  condition,  commit  depredations  which  would  result 
in  another  war,  and  cost  the  Government  thousands  of  dollars  where  it 
would  not  cost  hundreds  to  feed  them. 

In  view  of  the  foregoing,  I  respectfully  request  that  the  matter  be 
submitted  to  Congress,  with  the  view  of  having  an  appropriation  of 
$250,000  made,  to  be  used,  or  so  much  thereof  as  may  be  necessary,  in 
furnishing  said  Indians  with  food  and  other  necessaries  of  life,  during 
the  fiscal  year  ending  June  30, 1872. 

Very  respectfully,  your  obedient  servant, 

E.  S.  PARKER, 

CammisHoner 

Hon.  0.  Delano, 

Secretary  of  the  Interior, 


42d  Congress,  i    HOUSE  OF  EEPRESENTATIVES.     ( Ex.  Doc. 
1st  Session.      ]  \    Ko.  12. 
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LETTER 


FROM 


THE    SECRETARY   OF   STATE, 


IX    RELATION   TO 


The  expenses  of  a  joint  commission  to  mark  the  boundary  line  between  the 
United  States  and  the  British  possessions^  from  tJie  Lake  of  the  Woods  to 
the  Rocky  Mountains, 


March  21, 1871. — Referred  to  the  Committee  od  Foreign  Affairs  and  ordered  to  be  printed. 


Department  of  State, 

Washington^  March  16, 1871. 

Sir:  I  have  the  honor,  through  yon,  to  call  the  attention  of  the  House 
of  Representatives  to  the  necessity  of  making  i)rovisiou  for  the  expenses 
of  a  joint  coiniuission  to  mark  the  boundary  line  between  the  United 
States  and  the  British  possessions,  from  the  Lake  of  the  Woods  to  the 
Rocky  Mountains,  This  subject  was  brought  to  the  attention  of  the 
two  houses  of  Congress  by  the  President,  in  his  annual  message  in  De- 
cember last,  and  a  joint  resolution,  making  the  proper  appropriation, 
passed  the  House,  but  failed,  from  some  delay  iu  the  press  of  business, 
to  obtain  the  concurrence  of  the  Senate. 

Circumstances  connected  with  the  relations  between  this  Government 
and  that  of  Great  Britain  make  it  desirable  that  this  appropriation 
should  be  made  with  as  little  delay  as  possible ;  and  it  is  therefore  hoped 
that  the  matter  may  be  acted  upon,  if  possible,  before  the  adjournment 
of  your  present  session. 

I  have  the  honor  to  be,  sir,  your  obedient  servant, 

HAMILTON  FI^H. 

Hon.  James  G.  Blaine, 

Speaker  of  the  House  of  Representatives, 

P.  S. — A  copy  of  Mr.  Swann's  report  and  of  the  resolution  which 
passed  the  House  at  the  last  session  are  herewith  inclosed. 


In  the  House  of  Representatives,  January  14,  1871. 
Mr.  Sw^ANN,  from  the  Committee  ou  Foreign  Affairs,  made  the  following  report : 

■The  Committee  on  Foreign  Affairs^  to  tchom  was  referred  that  portion  of  the  PresidenVs 
message  relating  to  the  nortkicestern  boundary ,  heg  leave  to  report  as  follows  : 

During  the  spring  of  the  past  year  a  mihtary  commission,  under  Migor  General 
Sykes,  United  States  Army,  and  Captain  Head,  was  ordered  by  Major  General  Hancock 
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to  locate  the  line  of  the  forty-ninth  parallel  by  a  series  of  solar  and  lunar  observations 
with  a  view  to  the  new  post  and  military  reservation  proposed  to  be  established  by  the 
United  States.    This  survey,  fixing  the  international  boundary,  throws  that  line,  if 
correct,  upward  of  4,600  feet  north  of  the  one  hitherto  recognized,  and  the  Hudson 
Bay  post  at  Pembina  within  the  territory  of  the  United  States. 

So  soon  as  this  fact  was  discovered,  the  collector  of  the  custom-house  at  Pembina 
addressed  a  communication  to  the  Secretary  of  the  Treasury,  dated  June  23,  1870, 
asking  instructions  as  t-o  which  of  these  lines  should  be  recoguized  by  him  in  the 
discharge  of  his  official  duties. 

On  the  13th  day  of  August,  1870,  the  Acting  Secretary  of  State  addressed  a  commu- 
nication to  the  Treasury  Department,  informing  that  Department  that  no  joint  action 
had  been  taken  by  the  United  States  and  Great  Britain  for  marking  upon  the  surface 
of  the  ground  that  portion  of  the  boundary  along  the  forty-ninth  parallel  which 
extends  from  the  Lake  of  the  Woods  to  the  Rocky  Mountains,  and  suggesting  tliat  no 
proceedings  be  adopted  by  the  custom-house  authorities  which  woiud  disturb  the 
existing  condition  of  things  on  the  border  until  the  British  government  could  be  in- 
formed of  the  discovery  which  had  been  made  by  the  officers  of  the  Engineer  Corps. 

On  the  15th  of  August,  1870,  the  Acting  Secretary  of  State  transmitted  a  copy  of  liis 
letter  to  the  Treasury  Department  to  Mr.  Motley,  and  requested  him  to  inform  the 
British  government  of  the  discovery  which  had  been  made  by  the  engineer  officers  of 
the  United  States  in  regard  to  the  true  location  of  the  boundary,  as  ascertained  by  the 
usual  scientific  method  of  detenniniug  such  matters,  which  was  accordingly  done  in  a 
letter  to  Earl  Granville,  dated  October  17,  1870. 

On  the  4th  of  November,  1870,  Sir  Edward  Thornton,  in  a  letter  to  the  Acting  Secre- 
tary of  State,  says : 

"  Whether  the  post  which  was  erected  last  spring  is  on  the  forty-ninth  parallel  or  not, 
can  easily  be  verified  ;  but  in  the  mean  time  it  would  be  very  desirable  that  the  small 
force  now  in  that  neighborhood  should  remain  there  for  the  protection  of  persons  and 
the  security  of  the  mails.  The  only  shelter,  however,  which  they  can  find  is  in  the  Hud- 
son Bay  Company's  fort.  The  governor  general  has  therefore  forwarded  a  request  to 
the  Canadian  government  that  I  would  confer  with  the  Secretary  of  State  as  to  the 
expediency  of  allowing  the  boundary  line  which  was  run  by  Captain  Pope  to  be  con- 
sidered as  the  boundary  for  the  present,  until  the  real  boundary  is  ascertained  and 
finally  settled,  so  that  the  Hudson  Bay  post  may  be  used  as  a  shelter  during  the 
winter;  for  they  consider  that  it  is  in  the  interest  of  the  inhabitants  on  both  sides  of 
the  line  that  order  should  be  preserved  on  the  frontier,  which  result  can  best  be  at- 
tained by  a  body  of  troops  of  both  nations  being  stationed  in  its  vicinity." 

Such  being  the  state  of  facts  touching  this  recent  discovery,  the  President  of  the 
United  States  deems  it  important  that  this  part  of  the  boundary  line  be  definitely  fixed 
by  a  joint  commission  of  the  two  governments,  in  which  this  committee  fully  concur. 

In  order  to  facilitate  the  early  action  of  Congress  in  disposing  of  this  subject,  a  de- 
tailed estimate  of  the  expense  of  a  joint  commivssion  was  prepared  by  the  Bureau  of 
Engineers,  and  submitted  by  the  Secretary  of  War  in  a  communication  to  Mr.  Fish, 
dated  November  25,  1870. 

The  committee  recommend  the  adoption  of  the  accompanying  joint  resolution. 


Ix  THE  House  of  Rkpresextatives,  January  18,  1871. 

Mr.  Swann,  from  the  Committee  on  Foreign  Affairs,  reported  the  following  joint 
resolution : 

JOINT  RESOLUTION  authorizing  the  President  of  the  United  States  to  appoint  a  joint  cumniisoiou 

iilM)U  the  uorlhweateru  l>oundarj'. 

Be  it  resolved  hy  the  Senatf  and  House  of  liepreseniatires  of  the  Fniied  States  of  America 
in  Congress  assembled,  That  the  President  of  the  United  States,  by  and  with  the  advice 
and  consent  of  the  Senate,  be,  and  he  is  hereby,  authorize^l  to  cooperate  with  the  gov- 
ernment of  Great  Britain  in  the  appointment  of  a  joint  commission  in  accordance  with  •• 
the  plan  and  estimates  of  A.  A.  Humphreys,  brigadier  general  and  Chief  of  Engineers, 
submitted  November  twenty-three,  eighteen  hundred  and  seventy,  for  determinmg  the 
boundary  line  between  the  United  States  and  the  British  possessions  between  the 
Lake  of  the  Woods  and  the  Rocky  Mountains,  at  such  time  as  he  may  deem  advisable. 

Sec.  2.  And  he  it  further  resolved^  That  one  hundred  thousand  dollars  per  annum,  or 
so  much  thereof  as  may  be  requii*ed,  be,  and  the  same  is  hereby,  appropriated  out  of 
any  money  in  the  Treasury  not  otherwise  appropriated,  to  carry  into  effect  the  object 
of  said  joint  commission  on  the  part  of  the  United  States  and  Great  Britain,  until  the 
said  lK>undarv  shall  have  been  estaVdished. 


42d  CoNaRESS,  \     HOUSE  OF  RE  PRESENT ATIYES.      i  Ex.  Doc. 
1st  Session.      )  \    No.  13. 


BALANCES    DUE    FROM    COLLECTORS    OF    INTERNAL 

REVENUE. 


LETTER 


FROM 


THE  SECRETARY  OF   THE    TREASURY, 

IN   RELATION  TO 

Balances  due  from  collectors  of  internal  revenue. 


March  21,  1671. — Referred  to  the  Committee  of  Ways  and  Means  and  ordered  to  be 

printed. 


Treasury  Department, 
Office  of  the  Secretary^  March  11  j  1871. 

Sir:  I  observe  in  the  official  report  of  the  proceedings  of  the  House 
of  Representatives  on  Tuesday,  the  14th  instant,  that  the  Hon.  Mr. 
Morgan  of  Ohio  introduced  a  resolution  with  a  preamble,  which  sets 
forth  that  a  resolution  unanimously  adopted  by  the  House  of  Represent- 
atives of  the  Forty-first  Congress,  on  the  13th  day  of  December,  1870, 
calling  upon  the  Secretary  of  the  Treasury  for  certain  information  in 
regard  to  the  balances  due  from  collectors  of  internal  revenue,  had  not 
been  replied  to. 

I  desire  to  inform  the  House  of  Representatives  that  the  records  of 
this  Department  show  that  an  answer  was  made  to  the  resolution  on  the 
18th  day  of  February  last,  and  that  the  information  called  for,  as  pre- 
pared by  the  First  Comptroller  of  the  Treasury,  was  transmitted  to  the 
House  of  RepresentativQg  at  the  same  time. 
I  have  the  honor  to  inclose  a  copy  of  my  letter  of  the  18th  of  February. 
Very  respectfully, 

GEO.  S.  BOUT  WELL, 

Secretary. 
Hon.  James  G.  Blaine, 

Speaker  House  of  Representatives^  Washington^  D.  C. 


Treasury  Department, 
Washington,  D,  C,  February  18, 1871. 

Sir  :  I  herewith  transmit  a  reply  to  the  following  resolution  of  the  House  of  Repre- 
sentatives (No.  9)  adopted  on  the  13th  of  December,  1870,  on  motion  of  Mr.  Winchester : 
"Besolrcdf  That  the  Secretary  of  the  Treasury  be,  and  he  is  hereby,  directed  to  furnish 
this  House  a  statement  of  the  balances  due  from  collectors  of  internal  revenue  who 
are  not  now  in  office,  and  the  total  amount  of  the  balances  so  due  as  they  appear  on 
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the  books  of  the  accounting  officers  of  his  department  on  the  30th  day  of  June,  1870  y 
that  he  further  inform  this  House  what  amount  of  baid  balances  have  been  paid,  and 
in  detail  by  whom,  since  the  2d  day  of  May,  1870 ;  the  names  of  the  collectors  who 
have  been  sued  on  their  bonds  since  their  removal  from  office;  with  the  cause  of 
removal  in  each  case ;  by  what  President  said  collectors  were  appointed,  and  by  what 
President  they  were  removed." 

Accompanying  the  tabular  statements  prepared  in  the  office  of  the  First  Comptroller 
is  a  letter  from  that  officer  explaining  the  same. 

The  resolution  calls  for  the  cause  of  the  removal  of  each  collector  who  has  been 
removed,  and  whose  name  appears  upon  the  list. 

The  records  of  this  Department  would,  in  some  cases,  furnish  a  reason  for  removal ; 
bat  it  is  not  possible  to  respond  to  that  part  of  the  resolution  in  the  manner  apparently 
contemplated. 

Very  respectfully, 

GEO.  S.  BOUTWELL, 

Secretary. 
Hon.  James  G.  Blaink, 

Speaker  Eouse  of  B(pre8entaHve8,  Washington,  2>.  C. 


42d  Congress,  »     HOUSE  OF  REPRESENTATIVES.     (  Ex.   Doa 
Ut  &s*Mm.      I  )     No.  14. 


CONDITION  OP  AFFAIRS  IN  THE  SOUTH. 


MESSAGE 


FROM  THE 


PRESIDENT  OF  THE  UNITED  STATES, 


RELATIVE  TO 

The  condition  of  affairs  in  the  South. 


March  tS3, 1871. — Referred  to  a  Select  Committee  of  nine  members  to  be  appointed 

by  the  Speaker,  and  ordered  to  be  printed. 


To  the  Senate  and  House  of  Representatives  : 

A  condition  of  affairs  now  exists  in  some  of  the  States  of  the  Union, 
rendering  life  and  property  insecure,  and  the  caiTying  of  the  mails  and 
the  collection  of  the  revenue  dangerous.  The  proof  that  such  a  condi- 
tion of  affairs  exists  in  some  localities  is  now  before  the  Senate.  That 
the  i)ower  to  correct  these  evils  is  beyond  the  control  of  State  authori- 
ties, 1  do  not  doubt.  That  the  power  of  the  Executive  of  the  United 
States,  acting  within  the  limits  of  existing  laws,  is  sufficient  for  present 
emergencies,  is  not  clear. 

Therefore,  I  urgently  recommend  such  legislation  as,  in  the  judgment 
of  Congress,  shall  effectually  secure  life,  liberty,  and  property,  and  the 
enforcement  of  law,  in  all  parts  of  the  United  States. 

It  may  be  expedient  to  provide  that  such  law  as  shall  be  passed,  in 
pursuance  of  this  recommendation,  shall  expire  at  the  end  of  the  next 
session  of  Congress. 

There  is  no  other  subject  upon  which  I  would  recommend  legislation 
during  the  present  session. 

U.  S.  GRANT. 

Washinoton,  D.  Cm  March  23, 1871. 


42d  Congress,  \      HOUSE  OF  REPRESENTATIVES.      (  Ex.  Doc. 
l8t  Session.      ]  \    No.  15. 


SUPERINTENDENT  OF  INDIAN  AFFAIRS  FOR  MONTANA, 


LETTEE 


FROM 


THE  SECRETARY  OF  THE  INTERIOR, 


IN  ANSWER  TO 


A  resolution  of  the  House  of  March  14, 1871,  in  relation  to  charges  made  by 
the  late  agent  for  the  Blackfeet  Indians^  in  the  Territory  of  Montana^ 
against  the  superintendent  of  Indian  affairs  for  said  Territory. 


Marcu  28,  1871. — Referred  to  the  Committee  on  Indian  Affairs  and  ordered  to  be 

printed. 


Department  of  the  Interior, 

Washington^  D.  C,  March  23, 1871. 

Sir:  In  compliance  with  the  terms  of  a  resolution  adopted  by  the 
House  of  Representatives  on  the  14th  instant,  I  have  the  honor  to  trans- 
mit, herewith,  a  copy  of  a  report  from  the  Commissioner  of  Indian 
Affairs,  dated  the  18th  instant,  submitting  a  '^  copy  of  the  charges  made 
by  M.  M.  McCauley,  late  agent  for  the  Blackfeet  Indians  in  the  Terri- 
tory of  Montana,  against  A.  J.  Viall,  superintendent  of  Indian  affairs 
for  said  Territory,  with  the  reply  of  said  Viall  to  said  charges.  Also  the 
letter  of  Colonel  Gibbon  to  Wm.  Welsh,  under  date  of  February  21, 
relative  to  the  distribution  of  annuity  goods  to  said  Indians.  ^ 

I  have  the  honor  to  be,  very  respectfully,  your  obedient  servant, 

C.  DELANO, 

Secretary, 

Hon.  James  G.  Blaine, 

Speaker  of  the  House  of  Representatives. 


Department  of  the  Interior,  Office  of  Indian  Affairs, 

Washington^  D.  C,  March  18, 1871. 

Sir  :  I  have  the  honor  to  acknowledge  receipt  of  your  letter  of  yes- 
terday, inclosing  a  copy  of  a  resolution  adopted  by  the  House  of  Repre- 
sentatives on  the  14th  instant: 

Tliat  the  Secretary  of  the  Inferior  be  requested  to  furnish  this  House  with  a  copy  of 
the  charges  made  by  M.  M.  McCauley,  late  aijent  for  the  Blackfeet  Indians  in  the  Ter- 
ritory or  Montana,  against  A.  J.  Viall,  superintendent  of  Indian  affairs  for  said  Terri- 
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tory,  with  the  reply  of  Viall  to  said  charges.  Also  the  letter  of  Colonel  Gibbou  to 
Wm.  Welsh,  under  date  of  February  21,  relative  to  the  distribution  of  annuity  goods 
to  said  Indians,  now  on  file  in  the  Indian  Department. 

In  compliance  with  yoiir  request,  I  have  the  honor  herewith  to  present 
copies  of  the  papers  referred  to  in  the  above  resolution. 
Very  respectfully,  your  obedient  servant, 

E.  S.  PARKER, 

Commissioner. 
Hon.  C.  Delano, 

Secretary  of  the  Interior. 


Blackkeet  Indian  Agency,  Montana  Territory, 

February  13,  1871. 

Sir  :  I  write  you  in  order  to  ascertain  something  in  regard  to  the  conduct  of  the 
superintendent  of  Indian  affairs  of  this  Territory. 

On  the  19th  day  of  October  last  I  arrived  here  and  took  charge  of  this  agency.  I 
found  upon  my  arrival  a  small  amount  of  Indian  provisions,  left  by  the  retiring  agent. 
I  immediately  made  a  requisition  on  Superintendent  Viall  for  what  I  thought  would  be 
necessary  for  the  winter  supplies  at  this  agency.  I  received  a  reply  that  my  requisition 
would  be  honored  as  soon  as  possible.  The  articles  not  coming,  I  a^ain  wrote  the 
superintendent,  and  received  the  same  reply. '  From  that  time  to  this  nothing  has 
been  furnished  this  agency  by  the  superintendent — not  even  to  a  bottle  of  Thompson's 
eye-water,  which  I  requested  him  to  send  me  for  the  use  of  sore-eyed  Indians.  On 
the  9th  day  of  December  last  I  received  at  this  agency  live  and  one-half  tons  of  In- 
dian goods,  valued,  as  per  invoice,  at  $7,620  04.  These  goods  consist  of  blankets,  cloth- 
ing, and  hardware,  for  the  Indians.  These  goods  were  furnished,  I  believe,  by  Mr.  L. 
M.  Black,  but  am  not  positive,  as  I  never  receipted  for  them  to  any  one,  except  to  sign 
the  bills  of  lading  of  the  wagon-train.  These  are  all  the  goods  received  by  me.  These 
goods  arrived  here  during  my  absence,  and  the  wagon-master  that  brought  them  told 
my  employes  that  "Mr.  Garrison  (the  owner  of  the  train)  had  received  from  Mr.  L.  M. 
Black  one-half  of  the  freight  money  on  fifty  tons  of  annuity  goods  from  Corinne,  Utah 
Territory,  to  this  agency  ;"  and  farther  said,  that  if  I  did  not  receipt  to  Black  for  the 
fall  amount,  I  would  lose  mv  head. 

On  or  about  the  25th  of  November  last  I  received  a  letter  from  Superintendent 
Viall  dat^l  "  Bozeman,  Montana  Territory,  November  2:i,"  requesting  me  to  be  in 
Helena  by  the  Ist  of  December,  *'  before  parties  left  for  Washington ;"  in  response  to 
which  letter  1  hastened  to  Helena.  On  the  2d  day  of  December  Super) nt>endent  Viall 
requested  me  to  accompany  Mr.  Black  to  his  (Black's)  hotel,  as  he  (Black)  had  business 
with  me.  Upon  arriving  at  the  hotel,  and  while  in  Mr.  Black's  room,  he  (Black)  first 
asked  me  if  General  Sully  had  ever  purchased  anything  out  of  the  $50,000  appropria- 
tion for  this  agency  for  1870.  I  answered  him  I  did  not  know.  He  then  requested  me 
to  make  out  and  sign  vouchers  in  his  (Black's)  favor  to  the  amount  of  forty-five  thou- 
sand dollars  for  goods  received  at  this  agency.  This  I  refused  to  do,  and  informed  him 
(Black)  that  I  would  receipt  for  what  goods  came  to  this  agency  and  no  more.  He 
then  said  that  if  I  would  sign  said  voucuers.  Superintendent  ViaU  would  indorse  them. 
I  refused.  He  (Black)  further  said,  that  if  I  would  sign  such  vouchers  I  should  stay 
in  oflice  (as  agent)  as  long  as  Grant  was  President,  as  he  (Black)  and  Commissioner 
Parker  were  great  friends. 

On  the  next  day  (3d  December)  Superintendent  Viall  sent  me  twice  to  the  hotel, 
(once  in  company  with  Black,  and  once  by  myself,)  saying  that  *'  Black  had  business 
with  me."  Upon  arriving  at  the  hotel  Mr.  Black  made  the  same  request  in  regard  to 
signing  vouchers,  which  I  again  refused  to  sign,  and  never  have  signed.  The  five  and 
one-hiuf  tons  of  goods  mentioned  arrived  at  agency  while  I  was  absent,  as  stated,  but 
I  returned  in  time  to  receive  them. 

On  the  23d  of  Jauuary,  1871,  a  man  by  the  name  of  Simmons — A.  J. — arrive*!  at  this 
agency,  with  several  employes,  and  demanded  that  I  should  turn  over  to  him  this 
agenev,  the  Government  property,  &c.,  on  the  strength  of  an  order  from  Superintend- 
ent Viall,  which  he  had  to  that  effect.  I  at  first  concluded  to  do  so  tender  protest,  but 
upon  further  reflection  I  concluded  that  inasmuch  as  I  was,  and  am,  a  commissioned 
officer,  appointed  to  this  agency,  under  bonds  to  the  Government,  and  that  I  had  never 
been  officially  notified  of  my  removal  or  the  appointment  of  my  successor,  I  would 
not  be  justified  in  turning  over  the  property  to  Mr.  A.  J.  Simmons,  nor  any  one  else, 
except  to  my  duly  qualified  successor  in  office.  At  this  time  several  lodges  of  Piegans 
where  here  awaiting  their  annuities.    In  conversation  with  Mr.  Simmons,  and  before 
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I  hid  refused  to  turn  over  to  him,  he  informed  me  that  it  was  his  intention  to  give 
each  Indian  one  blanket,  and  send  them  buffalo  hunting. 

On  the  2otb  of  January,  1871,  Mr.  Simmons  made  his  demand  in  writing,  which  de- 
mand I  also  refused  in  writing.  On  the  2dth  of  January  I  made  a  distribution  of  a 
portion  of  the  goods  to  the  Indians,  in  the  presence  of  two  commissioned  officers  of  the 
tlDited  States  Army,  who  were  sent  here  at  my  request  by  the  commanding  officer  at 
Fort  Shaw,  forty  miles  from  here.  These  officers  were  here  as  witnesses  to  the  distri- 
bution, and  have  signed  their  names  as  such  to  the  proper  papers,  and  have  ere  this 
made  their  own  report  of  the  affair. 

Some  days  since  a  large  amount  of  provisions  was  sent  from  Helena,  Montana  Terri- 
tory, destined  for  the  Indians  of  this  agency,  as  I  am  informed.  These  goods  were 
stopped  and  stored  (as  I  am  also  informed)  by  this  same  Mr.  Simmons,  at  Sun  River 
CitMsing,  forty  miles  from  here. 

From  thirty  to  forty  lodges  of  Piegan  and  Blood  Indians  will  be  in  here  to-morrow. 
Two  of  the  head  chiefs  are  already  here,  and  are  in  the  room  as  I  write  this.  I  have 
nothing  for  them  but  a  little  corn  and  flour,  and  the  little  that  is  left  of  the  five  and 
one-half  tons  of  goods  before  sitokeu  of,  the  larger  portion  of  which  was  issued  on  the 
«th. 

The  main  camp  is  but  a  few  days  behind.  These  Indians  have  traveled  from  two 
handred  to  three  hundred  miles  to  get  here,  in  the  midst  of  winter,  and  now  fiud  that 
their  provisions  are  held  by  a  stranger  forty  miles  away. 

The  foregoing  facts  I  stand  ready  to  substantiate  by  affidavit. 
Very  respectfully, 

M.  M.  McCAULEY, 
United  States  Indian  Agent  for  Blackfeet. 

Hon.  £.  S.  Parker, 

Commi8sioner  Indian  Affairs. 


Washington,  D.  C,  February  28, 1871. 

Sir  :  I  have  the  honor  to  acknowledge  the  receipt  of  your  communication  of  this  day, 
inclosing  a  copy  of  a  letter  from  Mr.  McCauloy,  lato  agent  for  the  Blackfeet  Indians,  in 
which  letter- certain  charges  or  allegations  are  made  against  myself  and  the  manage- 
ment of  Indian  affairs  in  the  Montana  super intondency. 

Mr.  McCauley  states,  Ist,  that  he  received  five  and  one-half  tonsof  Indian  goods,  valued 
as  per  invoice  at  |7,620  04,  furnished,  as  he  believed,  by  Mr.  L.  M.  Black ;  that  they 
were  all  the  goods  received,  and  that  Mr.  Garrison,  the  owner  of  the  freight  train,  told 
his  (McCauley's)  employes  that  Black  had  paid  to  Mr.  Garrison  one-half  of  the  ft-eight 
money  on  fifty  tons  of  annuity  goods  from  Corinne,  Utah  Territory,  to  said  agency, 
and  that  if  he,  McCauley,  did  not  receipt  for  the  full  amount  he  would  lose  his  head,  &c. 

In  regard  to  this  matter  I  would  say  that  the  records  of  the  Indian  Office  will  show 
that  only  five  and  one-half  tons,  or  thereabout,  of  annuity  goods  were  purchased  for  the 
Indians  at  said  agency,  and  consequently  that  the  statement  made  by  Garrison,  if  made, 
was  wholly  unwarranted  and  without  any  foundation  whatever.  In  view,  therefore,  of 
the  fact  that  there  was  no  foundation  for  the  statement  reported  to  have  been  made 
by  Mr.  Garrison,  I  respectfully  submit  that  Mr.  McCauley  has  been  imposed  upon  by 
his  employes,  or  that  the  statement  has  been  manufactured  or  concocted  by  Mr.  Mc- 
Cauley himself  for  the  purpose  of  furthering  or  accomplishing  some  object  he  has  or 
may  have  in  view.  In  fact,  from  the  gener^  character  sustained  by  him  in  Montana, 
I  have  no  hesitancy  in  saying  that,  in  my  opinion,  the  statement  emanated  from  him, 
and  that  Mr.  Garrison  never  made  any  such  statement. 

Regarding  McCauley's  statement  about  his  having  received  a  letter  from  me  to  come 
to  Helena,  and  to  the  conversation  he  says  he  had  with  me  relative  to  Mr.  Black,  I  have 
to  say  that  no  such  letter  was  ever  written  by  me,  nor  did  the  conversation  referred  to 
ever  take  place.  As  to  the  interview  he  claims  to  have  had  with  Mr.  Black,  I  have  no 
knowledge,  but  I  am  of  the  opinion,  from  my  knowledge  of  the  two  men,  that  there  is 
not  a  word  of  truth  in  the  statement  of  McCauley. 

Relative  to  Mr.  Simmons  having  stored  goods  purchased  for  the  Blackfeet  agency  at 
Smi  River  crossing,  I  would  say  that  no  instructions  were  given  for  the  storing  of  said 
goods  at  that  place ;  yet,  in  view  of  the  fact  that  McCauley's  appointment  had  been  re- 
Tokcd,  I  think  Mr.  Simmons  was  justified  in  not  delivering  the  supplies  at  the  agency, 
when  McCauley  would  doubtless  have  gotten  possession  of  them. 

I  hold  myself  responsible  for  the  supplies  referred  to,  and  will  see  that  they  are 
properly  disposed  of  so  soon  as  the  newly-appointed  agent  for  the  Blackfeet  Indians 
shall  have  taken  charge  of  the  agency. 

I  conclusion  I  would  say  that  there  is  only  one  statement  made  by  McCauley  in  ref- 
erence to  myself  that  is  true,  and  that  is  in  regard  to  the  one  bottle  of  Thompson's  eye- 
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water,  which  he  says  he  requested  me  to  send  to  him ;  I  believe  he  did  make  snch  re- 
quest)  but  I  did  not  send  it ;  nor  did  I  send  him  the  other  articles  or  supplies  referred 
to,  for  reasons  well  known  to  the  Department. 
Very  respectfully,  your  obedient  servant, 

J.  A.  VIALL. 
Superintmident  Indiansy  Montana. 
Hon.  £.  S.  Parker, 

Commi89ianer  of  Indian  Affain. 


Washington,  D.  C,  Department  of  the  Interior, 

Board  of  Indian  Commissioners, 

March  8,  1871. 

Sir  :  I  inclose  herewith  for  your  information  a  copy  of  a  letter  received  this  morning 
per  hands  of  William  Welsh,  from  Colonel  Gibbons,  commanding  Fort  Shaw,  Montana 
Territory,  concerning  the  present  condition  of  the  Pieman  Indians,  and  an  account  of 
his  witnessing  the  issuing  of  annuity  goods  to  the  Indians,  and  the  satisfaction  with 
which  they  expressed  themselves  concerning  the  quality  of  the  goods  distributed,  &c. 
Very  respectfully,  your  obedient  servant, 

VINCENT  COLYER,  Secretanj. 

Hon.  Columbus  Delano, 

Secretoi'y  of  the  Interior, 


Fort  Shaw,  Montana  Territory, 

February  21,  1871. 

Dear  Sir  :  I  was  called  on  a  few  days  ago  to  send  an  officer  to  the  Blackfeet  agency, 
about  thirty-six  miles  northwest  of  this  post,  to  witness  the  distribution  of  goods  to 
the  Indians.  I  accompanied  the  officer  to  the  agency,  and  found  assembled  there  some 
six  hundred  Indians,  men,  women,  and  children,  principally  of  the  Piegan  and  Blood 
tribes  of  the  Blackfeet  nation. 

The  chiefs  present  were :  1.  Big  Lake,  principal  chief  of  Piegaus ;  2.  Mountain  Chief, 
Piegan  ;  X  Bird  Chief,  Piegan ;  4.  Generous  Woman,  Piegan  ;  5.  Five  Bears,  Piegan ; 
6.  Middle  Bull,  Piegan  j  7.  Many  Horses,  Piegan ;  8.  Bear  Chief,  Piegan  ;  9.  Screaming 
Owl,  Piegan;  10.  Elk  Chief,  Piegan,  blind;  11.  Fish  Child,  Blackfeet,  living  with 
Piegans. 

^I  was  invited  to  meet  the  chiefs  in  the  inevitable  "  talk,''  and  never  heard  Indians 
talk  more  peaceably. 

Moiutain  Chief  spoke  first.  He  is  an  old  man,  and  said  to  be  very  smart.  His  was 
one  of  the  bands  Colonel  Baker  was  after  last  winter,  but  did  not  succeed  in  striking. 
I)e  expressed  a  desire  to  live  at  peace  with  the  white  man,  and  to  have  no  more  trouble, 
and  was  glad  to  meet  us  in  this  way. 

Bird  Chief,  an  old  man,  who  was  in  the  fight  with  Colonel  Baker  last  year,  said  he 
had  not  had  a  good  night's  sleep  since  that  tight,  and  had  ever  since  been  moving  from 
place  to  place,  expecting  every  day  to  be  attacked  by  somebody,  he  did  not  know  who  ; 
that  they  all  wished  to  live  at  peace  with  the  whites  now,  and  to  have  no  more  trouble. 
A  number  o^  others  spoke,  all  in  the  same  strain.  They  all  expressed  pleasure  at 
having  an  agent  residing  among  them,  as  M^jor  McCauley  now  was  ;  that  heretofore 
their  agent  never  lived  at  the  agency,  but  would  sometimes  appear  there  for  a  day  or 
two>  promising  to  meet  them  elsewhere,  but  when  they  went  there  he  was  always  some- 
where else,  and  he  failed  to  keep  his  promises  with  them.  (I  suspect  this  is  true,  and 
their  present  agent  certainly  deserves  credit  for  taking  up  his  residence  in  such  a  deso- 
late, uninviting  region  as  that  surrounding  the  agency!)  They  all  expressed  themselves 
satisfied  with  their  present  agent ;  said  he  had  done  more  for  them  than  any  previous 
agent,  and  hoped  he  would  remain.  That  I  would  be  surprised  if  I  could  compare  the 
present  issue  of  goods,  with  which  the}'  seemed  very  much  pleased,  with  issues  by 
lormer  agents,  when  each  Indian  would  receive  a  little  package  which  he  could  carry 
away  in  liis  hand. 

They  hailed  this  new  state  of  affairs  as  a  good  sign,  and  that  now  white  men  should 
always  go  through  their  country  in  safety,  and  if  any  of  their  horses  should  be  stolen 
they  should  be  returned  at  once. 

I  told  them  I  was  glad  to  hear  such  "  good  words"  from  them  ;  that  it  was  better  for 
both  whites  and  reds  to  be  at  peace  than  at  war,  and  that  I  knew  the  President  preferred 
peace  to  war  with  them ;  that  the  Indians  knew  there  were  bad  as  well  as  good  whites, 
and  the  whites  knew  there  were  both  good  and  bad  Indians ;  that  there  were  a  great 
many  good  whites  who  were  now  trying  to  do  all  the  good  they  could  to  help  the  re<l 
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maQf  and  that  they  would,  and  expected  all«  good  Indians  to  do  all  in  their  power  to 
aasisl  in  bringing  about  a  better  state  of  feeling  between  the  Indians  and  the  whites, 
80  there  wonld  be  no  more  trouble,  and  I  promised  to  send  their  "  good  words/'  so  that 
they  would  reach  the  ear  of  the  President.  I  know  of  no  more  effectual  method  of  ful- 
filling this  promise  than  through  yourself. 

Peace  with  this  heretofore  troublesome  band — the  Piegans — is  much  to  be  desired, 
and  I  think  can  be  maintained  without  much  trouble,  provided  they  are  dealt  with 
justly,  and  the  intentions  of  the  Government  toward  them  are  honestly  carried  out. 

The  a^nt  complains  that  of  the  (50,000  appropriated  for  these  Indians,  but  $7,000 
worth  of  goods  has  been  sent  him  for  distribution,  and  that  very  few  provisions  have 
been  sent. 

The  Indians  presented  the  appearance  of  being  very  destitute,  and  although  they 
have  plenty  of  buffalo  meat  to  eat,  this  is  all  they  have  got ;  and  breadstuffs,  some  sugar 
and  coffee,  &c.,  would  be  very  acceptable. 

Unfortunately  their  chiefs  have  not  as  much  influence  as  is  desirable,  and  therefore 
we  should  endeavor  **  to  hold  up  their  hands,''  like  those  of  Moses  of  old,  as  much  as 
possible,  by  conciliating  them  as  much  as  possible,  and  demonstrating  to  the  younger 
men  of  the  triVe  that  the  favor  of  the  Government  is  worth  contending.  The  agent 
says  he  never  saw  a  more  peaceably  disposed  set  of  Indians,  and  my  observation  con- 
films  this.    It  is  to  be  hoped  that  this  disposition  will  continue. 

The  Pend  d'Oreilles,  occupying  a  reservation  directly  opposite,  on  the  western  side  of 
the  Bocky  Mountains,  are  at  present  at  war  with  the  Blackfeet,  and  no  longer  ago  than 
last  fall  stole  about  two  hundred  of  their  horses. 

The  chiefs  I  saw  at  the  agency  expressed  a  desire  to  make  peace  with  the  Pend 
d'Oreilles,  and  it  is  very  desirable  that  such  a  peace  should  be  brought  about.  It  might 
be  done,  I  think,  by  instructions  sent  to  the  agents  of  the  two  tribes. 

Daring  the  council  Elk  Chief,  who  was  totally  blind,  made  a  speech  to  the  young 
men,  urging  them  to  act  in  accordance  with  the  promises  made  by  their  chiefs ;  that 
it  was  no  use  to  talk  without  acting;  that  he,  bein^  blind,  could  do  nothing,  but  that 
eyery  one  should  do  all  he  could  to  lulflll  in  good  faith  the  promises  there  made  for  the 
tribe,  so  that  the  whites  and  reds  should  live  together  in  peace. 

The  Indians  all  seemed  highly  pleased  at  their  visit  to  the  agency  and  the  presents 
received,  and  vesterday  morning  left  for  their  camps  north  on  the  Maria  River. 

A  visit  to  this  section  of  country  by  some  of  the  gentlemen  who  have  interested 
themselves  in  Indian  affairs  could  not  out  be  productive  of  good. 
Very  respectfully,  yours, 

JOHN  GIBBON. 
Mr.  Wm.  Welsh, 

1122  Spruce  Street,  Philadelphia^  Pennsiflvanin, 


42D  Congress,  )    HOUSE  OF  REPRESENTATIVES.     ( Ex.Doo. 
Ut  Sesnon.       f  )   No.  16. 


ROBERT  G.  SCHENCK. 


LETTER 


FROM 


THE    SECRETARY   OF   STATE, 


IN'    RELATION   TO 


The  compensation  of  Robert  C.  Sclienck^  United  States  minister  to  Oreat 

Britain, 


April  5,  1871. — Ordwred  to  be  priiit«Mi. 


Department  of  State, 
Washington,  April  5,  1871. 

Sir  :  The  statute  of  1856  (vol.  xi,  chapter  cxxvii,  page  55,  Statutes  at 
Large)  provides  that  a  diplomatic  representative  of  the  United  States 
may  receive  compensation  for  a  time  not  exceeding  thirty  days  while 
waiting  to  receive  instructions.  After  that  time  no  compensation  can 
be  paid  to  such  officer  until  he  actually  leaves  for  his  post. 

The  statute  of  1852  (vol.  ix,  chapter  cix,  page  100,  Statutes  at  Large) 
provides  that  no  officer  shall  receive  compensation  for  discharging  the 
duties  of  another  office. 

General  Schenck,  when  about  to  proceed  to  his  post,  and  while  wait- 
ing here  for  instructions,  was  directed  by  the  President  to  remain  in 
Washington  to  act  as  one  of  the  American  commissioners  in  the  Joint 
High  Commission  now  sitting  in  Washington. 

The  labors  of  General  Schenck  in  this  service  are,  to  say  the  least, 
quite  as  onerous  and  his  duties  quite  as  responsible  as  they  would  be 
had  he  proceeded  to  London.  But  for  the  proposal  of  the  British  Gov- 
ernment to  organize  the  commission,  he  would  have  been  charged  with 
these  duties  in  London ;  and  yet  it  is  impossible,  under  the  existing 
laws,  to  render  him  the  compensation  for  them,  to  which  he  is  justly 
entitled.  Under  these  circumstances  I  venture  to  suggest  that  justice 
to  him  call^  for  such  action  of  Congress  as  will  either  enable  the  Treas- 
ury Department  to  continue  the  payment  of  his  salary  while  detained 
here,  or  allow  him  to  be  paid,  for  his  services  as  commissioner,  from  the 
appropriation  already  made  by  Congress. 

I  have  the  honor  to  be,  sir,  your  obedient  servant, 

HAMILTON  FISH. 

Hon.  Jajmes  G.  Blaine, 

Speaker  of  the  House  of  Representatives. 


ROBERT  C.  SCHENCK. 


A  BILL  in  rdatlnn  to  the  compensation  of  tlie  Uiiit«d  States  miuiatcr  to  Great  Britain. 

Be  it  enacted  by  the  Senate  and  House  of  Representatives  of  the  United  States  of  America  in 
Congress  assembled,  That  the  accouuting  ofidcers  of  the  Treasury  be  authorized  aud 
directed  to  pay  to  Robert  C.  Schenck,  out  of  any  money  appropriated  for  the  compen- 
sation of  an  envoy  extraordinary  and  minister  jilenipoteutiary  to  Great  Britain,  his 
salary  as  such  minister  up  to  the  time  wheu  he  shall  reach  his  post,  notwithstanding 
his  detention  in  the  United  States  to  serve  as  one  of  the  members  of  a  joint  commis- 
sion, beyond  the  thirty  days  allowed  by  the  eighth  section  of  the  '*Act  to  regulate  the 
diplomatic  and  consular  systems  of  the  United  States,"  approved  August  eighteen, 
one  thousand  eight  hundred  and  fifty-six ;  but  no  pay  to  be  made  him  for  his  services 
as  such  commissioner. 


42d  Conobbss,  »      HOUSE  OF  REPRESENTATIVES.      (  Ex.  Doo. 
l$t  Sestion.      ]  \    No.  17. 


JAPANESE  PUPILS  TO  WEST  POINT. 


LETTER 


FROM 


THE   SECRETARY   OF   STATE, 


SUBMITTING 


The  draught  of  a  bill  for  admitting  six  Japanese  pupils  to  West  Point  Mili- 
tary Academy  J  and  recommending  thepa^ssage  of  the  same. 


April  11, 1871. — Referred  to  the  Committee  on  Foreign  Affairs  and  ordered  to  be  printed. 


Department  of  State, 

WorShingtonj  April  3, 1871. 

Sir  :  I  have  the  honor  to  inform  yon  that  the  charge  d'affaires  of  the 
empire  of  Japan  has  unofficially  made  known  to  me  the  desire  of  his 
government  to  send  some  pupils  to  West  Point  on  the  same  terms  and 
in  the  same  manner  that  they  have  been  admitted  to  the  Naval  Acad- 
emy. 

It  is  hoped  that  Congress  will  authorize  the  Secretary  .of  War  to  com- 
ply with  the  wishes  of  the  Japanese  government. 

For  your  convenience,  I  submit  a  draught  of  a  bill  on  the  subject,  simi- 
lar in  its  provisions  to  the  joint  resolution  approved  July  27,  1868,  by 
which  such  pupils  were  admitted  to  the  Naval  Academy. 
I  have  the  honor  to  be,  sir,  your  obedient  servant, 

HAMILTON  FISH. 
Hon.  James  O.  Blaine, 

Speaker  of  the  House  of  Representatives, 


Inclosure :  Draught  of  bill  for  admitting  six  Japanese  pupils  to  West 
Point  Military  Academy. 


Raolvtd  by  the  Senate  and  House  of  Hepresentalites  of  the  United  States  of  America  in 
CcngretM  aeimbled^  That  the  Secretary  of  War  be,  and  he  is  hereby,  authorized  to  re- 
ceive for  instruction  at  the  Military  Academy  at  West  Point  not  exceeding  six  persons, 
to  be  designated  by  the  government  of  the  empire  of  Japan :  Provided^  That  no  expense 
shall  thereby  accrue  to  tne  United  States  :  And  provided  further ^  That  the  Secretary  of 
War  may,  in  the  case  of  the  said  persons,  modify  or  dispense  with  any  provisions  of  the 
rules  and  regulations  of  the  said  Academy,  the  enforcement  of  which  circumstances  may, 
in  his  opinion,  render  unnecessary  or  undesirable. 


42d  Congress,  >     HOUSE  OF  REPEESENTATIVES.     /Ex.Doo. 
1st  Session.       i  \   :No.  18. 


OCCUPATION  OF  EOME  BY  THE  KING  OF  ITALY. 


MESSAGE 

FROM  THE 

PRESIDENT  OF  THE  UNITED  STATES, 


IN  ANSWER  TO 


A  resolution  of  the  House  of  the  31st  ultimo^  relative  to  the  occupation  of 

Rome  by  the  King  of  Italy, 


ApRal3,  1871. — Referred  to  the  Committee  on  Foreign  Affairs  and  ordered  to  be 

printed. 


To  the  House  of  Representatives : 

I  tranamit  to  the  House  of  Representatives,  in  answer  to  their  resolu- 
tion of  March  31,  1871,  a  report  from  the  Secretary  of  State,  with  accom- 
panyiDg  documents. 

U.  S.  GRANT. 

Washington,  April  11, 1871. 


Department  of  State, 

Washington,  April  11,  1871. 

The  Secretary  of  State  has  received  from  the  House  of  Repreaenta- 
tivea  a  resolution  adopted  on  the  3l8t  ultimo,  which  is  in  the  following 
wonls : 

Besolved,  That  the  Secretary  of  State  be  requested  (if  not  incompatible  with  the 
public  interests)  to  communicate  to  this  House  copies  of  any  correspondence  between 
the  State  Department  and  our  minister  plenipotentiary  in  Florence  in  relation  to  the 
occupation  of  Rome  by  the  King  of  Italy ;  and  also  what  correspondence  has  taken 
place  since  December  1,  1870. 

And  in  reply  has  the  honor  to  lay  before  the  President  extracts  from 
four  dispatches  addressed  to  this  Department  by  the  minister  of  the 
United  States  at  Florence,  which  appear  to  be  all  the  unpublished  cor- 
respondence called  for  by  the  resolution. 

ResiHJCtfully  submitted. 

.  hajMilton  fish. 

The  President. 


List  of  accompanying  papers. 

No.  1.  Mr.  Marsh  to  Mr.  Fish,  No.  321,  November  18, 1870. 
No.  2.  Mr.  Marsh  to  Mr.  Fish,  No.  32.S,  November  23,  1870. 
No.  3.  Mr.  Marsh  to  Mr.  Fish,  No.  327,  December  29,  1870. 
No.  4.  Mr.  Marsh  to  Mr.  Fish,  No.  328,  January  3,  1871. 
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Ko.  1. 

Mr.  Marsh  to  Mr.  Fish, 

[Extract.] 

No.  321.]  Legation  of  the  United  States, 

.    Florence^  November  18,  1870.     (Received  December  7.) 

Sir  :  The  King  of  Italy,  who  had  been  spending  some  time  in  Pied- 
mont and  Lombardy,  returned  to  Florence  at  the  close  of  the  last  week. 
During  his  absence  the  ministry  had  decided  that  his  Majesty  should 
make  a  formal  entry  into  the  city  of  Rome  on  the  30th  of  November, 
and  this  determination  was  publicly  announced,  and  preparation  for  the 
reception  of  the  King  and  court  at  Rome  was  commenced.  It  was 
understood  at  the  time  of  this  announcement  that  the  arrangement  was 
made  with  the  assent  of  the  King;  but  §oon  after  his  return  to  this  city 
it  was  rumored  that  the  intended  visit  to  Rome  would  not  take  place  at 
present;  and  it  appears  to  be  now  settled  that  his  Majesty  will  not  enter 
that  city  until  Parliament  shall  have  accepted  the  plebiscite  of  the  Ro- 
man people,  and  adopted  the  laws  whicli  the  ministry  shall  propose  for 
guaranteeing  to  the  Papacy  such  privileges  and  franchises  as  it  is 
deemed  expedient  to  secure  to  it.  •  •  •  • 

In  fact,  for  the  moment,  it  is  difficult  to  conjecture  the  possible  con- 
sequences of  this  state  of  things ;  but  in  any  case,  I  think  public  opinion 
will  not  tolerate  a  retrograde  policy  on  the  subject. 

GEORGE  P.  MARSH. 


No.  2. 
Mr.  Marsh  to  Mr.  Fish. 

[Extract.] 

No.  323.]  Legation  of  the  United  States, 

Florence^  November  23,  1870.    (Received  December  12.) 

Sib:  •  •  •  •  •  • 

It  is  now  formally  announced  that  the  King  and  court  will  go  to  Rome 

about  the  beginning  of  the  new  year,  and  I  think  the  entrance  of  his 

Majesty  into  that  citv  will  not  again  be  postponed. 

GEORGE  P.  MARSH. 


No.  3. 
Mr.  Marsh  to  Mr.  Fish. 

[Extract.] 

No.  327.]  Legation  of  the  United  States, 

Florence,  December  29,  1870.     (Received  January  21.) 

Sir  :  The  Chamber  of  Deputies  of  the  Italian  Parliament  adjourned 
a  few  days  since  to  the  IGth  of  January,  after  passing  a  resolution  for 
the  acceptance  of  the  Romsm  plebiscite  of  annexation,  and  a  bill  provid- 
ing for  the  removal  of  the  seat  of  government  to  Rome  on  the  3Uth  of 
June,  1871.  The  former  of  these  measures  encountered  strong  opposi- 
tion in  the  senate,  which  remained  in  session  some  days  after  the  ad- 
journment of  the  chamber,  but  it  was  finally  adopted  by  a  considerable 
majority.    The  ministrj-  then  asked  the  passage  of  the  bill  from  the 
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chamber  for  the  transfer  of  the  capital,  but  the  senate  was  indisposed  to 
take  the  subject  into  consideration,  until  a  bill  pending  in  the  chamber 
and  now  in  the  hands  of  a  committee,  for  settling  the  prerogatives  and 
goarantees  to  be  conceded  to  the  Pope,  should  have  been  passed  by 
the  lower  house,  and  it  has  now  adjourned  \^ithout  further  action  on 
the  question. 

The  senate  is  a  much  more  conservative  body  than  the  chamber,  and 
will,  I  think,  insist  on  going  to  quite  as  great  lengths  in  the  way  ot  con- 
cession to  the  Papacy  as  the  government  has  ever  proposed.  I  do  not 
think  the  chamber  will  have  firmness  enough  to  risk  the  defeat  of  the 
project  of  removal  of  the  capital,  by  refusing  to  grant  extravagant 
privileges  to  the  Pope,  and  the  ijonsequence  will  probably  be  that  the 
Crown  and  the  nation  will  be  legally  placed  in  an  attitude  toward  the 

Papacy  wholly  inconsistent  with  their  dignity  and  independence. 
«**•  •  •  •  •  • 

GEORGE  P.  MARSH. 


No.  4. 
Mr^  Marsh  to  Mr.  Fisju 

[Extract.] 

No.  328.]  Legation  of  the  United  States, 

Florence^  January  3,  1871.    (Received  January  23.) 

SiB:  In  compliance  with  the  urgent  request  of  the  leading  citizens, 
aud  the  well-known  wishes  of  the  people  of  Rome,  it  was  officially  an- 
nounced that  the  King  of  Italy  would  pay  a  formal  visit  to  that  city 
'near  the  close  of  the  month  of  December  last,  but  for  reasons  which 
have  not  been  made  public  the  day  appointed  for  that  purpose  was 
chauged,  and  the  10th  of  the  present  month  was  fixed  for  the  solemn 
entry  of  his  Majesty  into  the  new  capital  of  the  kingdom. 

On  the  30th  of  December  the  diplomatic  corps  was  notified  that  the 
usual  New  Year's  reception  of  his  Majesty,  which  had  been  appointed 
for  the  31  st  of  December,  would  not  take  place  on  that  day,  and  the 
evening  paper  announced  that  the  King  had  left  Florence  for  Rome  on 
the  afternoon  of  the  30th,  in  order  to  encourage  by  his  presence  and 
direct  the  efforts  of  the  public  authorities  to  diminish  the  evils  resulting 
fix)m  the  inundation  of  the  Tiber,  which  had  overflowed  its  banks,  risen 
to  an  almost  unprecedented  height,  and  covered  with  water  a  large  part 
of  the  town  and  an  extensive  district  of  the  Campagna  in  the  vicinity 
of  the  city. 

The  King  reached  Rome  on  the  morning  of  the  31st  December,  and 
after  a  stay  of  ten  or  twelve  hours  returned  to  Florence.  He  was  very 
well  received  by  the  municipality  and  the  people,  but  the  suddenness  of 
his  arrival  and  the  shortness  of  his  stay  prevented  the  manifestations 
of  satisfaction  aud  loyalty  which  had  been  in  part  arranged  for  his  for- 
mal entry.  His  Majesty,  in  a  letter  not  yet  published,  announced  his 
arrival  to  the  Pope,  and,  as  it  is  said,  intimated  that  his  visit  would  not 
be  Irtng  enough  to  allow  of  an  interview  between  the  Pontifl[*  and  him- 
self.    It  is  believed  that  the  Pope  made  no  reply  to  his  Majesty's  letter 

at  the  time,  and  it  is  not  known  that  any  answer  has  been  since  received. 

•  •••••••• 

GEORGE  P.  MARSH. 
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LETTER  TO  THE  COMMISSIONER. 


Washington,  D.  C,  March  1, 1868. 

Sm :  I  have  the  honor  to  transmit  my  final  report  of  the  United  States 
Geological  Survey  of  Nebraska  and  adjacent  Territories.*  The  observa- 
tioDS  here  recorded  were  made  with  some  care  at  the  time,  and,  inas- 
much as  they  will  not  "probably  be  repeated  for  years  to  come,  may 
prove  of  value  to  the  state.  The  history  of  the  origin  and  purposes  of 
the  survey  have  been  so  clearly  set  forth  in  your  annual  report  of  the 
General  Land  Office  for  18G7,  that  I  beg  permission  to  introduce  it  in 
this  connection : 

In  the  second  section  of  the  act  of  Congress,  approved  March  2, 1867,  making  appro- 
priations and  to  supply  deficiencies,  it  is  declared  "  that  the  unexpended  balances  of 
the  appropriations  heretofore  made  for  defraying  the  expenses  of  the  legislative  assem- 
bly to  the  Territory  of  Nebraska,  shall  be  diverted  and  set  aside  for  the  purpose  of  X'ro- 
coring  a  geological  survey  of  Nebraska,  to  be  prosecuted  under  the  direction  of  the 
Commissioner  of  the  General  Land  Office." 

It  has  been  estimated  that  the  unexpended  balance  applicable  to  the  geological  sur- 
vey is  $5,000.  Under  tliat  authority  Dr.  F.  V.  Hayden  was  appointed  on  the  29th  April, 
1867,  to  make  a  geological  examination  and  survey,  with  compensation  of  $2,000  per 
aoQiim.  With  the  limited  means  provided,  he  was  allowed  an  assistant  geologist  and 
paleontologist,  at  the  rate  of  $1,000 ;  three  collectors  and  laborera  at  not  exceeding 
(700,  the  sum  of  $300  having  been  set  apart  for  chemistry  and  natural  history ; 
while  the  sum  of  $1,000,  or  the  residue  of  the  means,  was  designed  for  general  expenses 
of  oatiit  and  incidentals  in  the  service,  which  was  restricted  to  one  year  from  the  date 
of  the  appointment. 

The  geologist  was  directed  to  proceed  as  soon  as  necessary  arrangements  could  be 
made  to  the  sphere  of  his  operations.  He  was  instructed  to  ascertain  the  order  of  suc- 
cession, arrangement,  relative  position,  dip,  and  comparative  thickness  of  the  several 
strata  and  geological  formations  in  the  State,  to  search  for  and  examine  all  the  beds, 
reins,  and  other  deposits  of  ores,  coals,  clays,  marls,  peat,  and  other  like  mineral 
Bobstances,  as  weU  as  the  fossil  remains  of  the  various  formations ;  to  obtain  chemical 
analyses  of  such  of  those  substances,  and  of  the  different  varieties  of  soil,  whereof  it  may 
be  deemed  desirable  to  ascertain  the  elementary  constituents.  He  was  required  also 
to  determine  by  careful  barometrical  observations  the  relative  elevations  and  depres- 
Bions  of  the  different  parts  of  the  State  of  Nebraska,  and  to  gather  in  the  field  of  his 
explorations  collections  in  geology,  mineralogy,  and  paleontology,  t-o  illustrate  the 
notes  taken  in  the  field.  In  order  to  enable  the  Commissioner  to  present  to  Congress 
the  results  of  the  geological  survey,  it  was  stipulated  that  a  preliminary  report  should 
be  made  of  the  progress  of  the  work,  accompanied  by  such  maps,  sections,  and  draw- 
ings as  might  be  considered  requisite  to  illustrate  the  report,  it  having  been  ordered 
that  the  final  report  under  the  appropriation  should  embody  the  results  of  the  entire 
Burvey,  and  be  accompanied  by  a  geological  map,  with  carefully-prepared  sections  and 
diag^rams,  showing  by  different  colors  and  other  marks  and  characters  the  principal 

*  It  ia  bat  jast  to  me  to  be  permitted  to  stato  that  this  report  was  completed  in  its  present  condition 
three  years  ago,  and  the  mannscript  delivered  to  the  Commissioner.  It  is  now  printed  without  any 
opportanity  for  revision.    Several  chapters  which  have  appeared  in  other  publications  are  omitted. 


4  UNITED  STATES  GEOLOGICAL  SURVEY  OF 

localities  and  geographical  range  of  the  various  geological  formations  of  the  district 
explored,  and  by  drawings  and  descriptions  of  the  characteristic  fossil  remains  of 
the  different  groups  of  strata — advance  data  having  been  called  for  at  short  intervals, 
in  order  that  the  Department  might  know  the  progress  of  the  work. 

It  was  required  in  our  instructions  that  the  region  of  Nebraska  south  of  the  Platte 
River  should  be  first  examined,  it  being  occupied  by  the  limestones  of  the  true  coal 
measures,  and  that  a  careful  search  should  be  instituted  for  the  localities,  depths,  and 
extent  of  deposits  of  that  most  valuable  mineral.  It  was  deemed  important  to  extend 
the  explorations  and  examinations  along  the  Missouri  to  Sioux  City,  as  it  had  been 
reported  that  there  was  a  bed  of  coal  outcropping  from  rocks  of  the  chalk  formation 
near  the  Omaha  reserve,  then  imder  survey  for  the  accommodation  of  the  Omaha  and 
Winnebago  Indians.  It  was  desired  that  the  geologist,  who  was  furnished  with  a  map 
of  public  surveys,  should  locate  geological  formations  by  townships  and  ranges  of  the 
sixth  or  governing  principal  meridian  in  Nebraska.  As  the  unsurveyed  region  also 
includes  settled  portions  of  the  State,  it  was  required  that  the  explorations  should  also 
be  there  directed  to  determine  the  location  and  extent  of  natural  resources  in  coal, 
metallic  ores,  hydraulic  and  common  limestone,  fire-clays,  freestone,  flagstone,  and 
marbles,  proi>erly  belonging  to  the  various  formations  there  existing,  and  which  would 
be  of  immediate  use  to  the  people.  As  the  predominating  interest  in  the  State  is  farm- 
ing, his  attention  was  directed  to  the  examination  of  its  soils  and  subsoils,  to  their 
adaptability  to  particular  crops,  as  well  as  to  the  best  method  of  preserving  and 
increasing  their  fertility. 

Information  was  also  called  for  in  regard  to  the  introduction  of  suitable  forest  trees, 
in  order  to  promote  the  growth  of  timber. 

Attention  should  likewise  be  given  to  the  materials  for  the  construction  of  roads, 
houses,  bridges,  such  as  building  stones,  limestones  for  the  manufacture  of  quick-lime, 
sand,  clays  for  making  bricks  and  tiles,  as  well  as  for  potters'  use.  Particular  atten- 
tion should  be  given  to  the  various  soils  and  subsoils,  and  their  adaptability  to  the 
growth  of  different  kinds  of  crops,  fruit  and  ornamental  as  well  as  forest  trees.  If  the 
district  is  hilly  or  mountainous,  barometrical  observations  should  be  made  to  deter- 
mine the  heights  of  the  elevations  above  the  sea  and  the  principal  streams,  and  atten- 
tion should  likewise  be  given  to  the  climatology  of  the  country.  Full  sets  of  collections 
of  all  the  difierent  kinds  of  rocks,  soils,  ores,  minerals,  and  mineral  waters  of  every 
description,  as  well  as  of  the  various  organic  remains  characterizing  the  different  forma- 
tions, should  be  carefully  collected  and  preserved  for  study  and  analysis.  These  col- 
lections to  be  arranged  and  permanently  preserved  in  the  Department.  It  is  proposed 
that  specimens  of  every  kind  be  transported  to  the  Department  for  careful  investiga- 
tion, in  order  that  final  and  more  detailed  reports  may  be  made  out,  illustrated  by 
maps,  sections,  diagrams,  and  drawings  of  the  various  fossil  remains,  characteristic  of 
the  different  rocks. 

Authority  should  be  given  for  the  publication  of  the  final  reports  in  a  suitable  form, 
and  in  such  manner  as  to  be  creditable  to  the  country.  A  few  such  reports,  properly 
prepared  by  competent  and  reliable  authorities,  with  full  statistics  of  our  resources, 
would,  if  distributed  abroad,  have  a  tendency  to  stimulate  immigration,  and  cause  the 
rapid  settlement  of  our  vast  unoccupied  public  domain,  thus  increasing  the  national 
wealth  and  power,  and  relieving  the  burdens  of  general  taxation. 

In  accordance  with  yonr  instructions,  the  survey  was  prosecuted  with 
all  the  energy  in  my  power,  and  I  was  enabled  during  the  season  to  ex- 
amine the  entire  eastern  portion  of  the  State,  and  some  portions  farther 
west.  Mr.  F.  B.  Meek,  the  very  able  paleontologist  of  the  survey,  passed 
through  the  State  of  Iowa,  from  the  Mississippi  at  Iowa  City  to  the 
Missouri  at  Nebraska  City,  in  company  with  Mr.  0.  A.  White,  the  State 
geologist  of  Iowa,  in  order  that  he  might  connect  the  geological  forma- 
tions of  that  State  with  those  of  Nebraska,  and  also  trace  out  the  coal- 
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beds  in  their  western  extension.  His  report,  herewith  transmitted,  will 
show  the  success  and  thoroughness  with  which  he  pertbrmed  his  labors. 
The  entire  area  of  the  State  of  Nebraska  belongs  to  what  is  called  the 
plain  or  prairie  country  of  the  West.  The  strata  are  entirely  horizohtal, 
and  are  seldom  exposed  to  the  scrutiny  of  the  geologist,  except  along 
the  banks  of  streams.  The  greater  portion  of  the  State  is  covered  with 
a  great  thickness  of  yellow  marl,  which  oftentimes  conceals  the  under- 
lying formations,  but  it  gives  to  the  soil  the  wonderful  and  inexhaust- 
ible fertility  which  the  entire  eastern  portion  possesses.  As  an  agricul- 
tural and  grazing  State  Nebraska  must  eventually  take  a  very  high 
rank. 

Nebraska,  the  yonngest  State  in  the  American  Union,  extends  from  the  Missouri 
westward  to  the  Rocky  Mountains,  with  an  extreme  length  of  412  miles,  decreasing  to 
310  miles  on  the  southern  border,  its  extreme  width  being  208  miles,  diminishing  to 
138  miles  on  the  west.  Its  area  is  75,905  square  miles,  or  48,636,800  acres. — (Report 
Commissioner  General  Land  Office,  1867.) 

But  three  of  the  principal  geological  formations  are  represented  in  the 
State,  Carboniferous,  Cretaceous,  and  Tertiary.  Of  the  Carboniferous 
strata  only  the  upper  members  occur,  and  these  seem  to  thin  out  in  their 
western  extension,  until  they  almost  disappear  in  the  region  of  the 
Kocky  Mountains. 

Much  attention  was  given  to  the  study  of  the  coal-beds  in  the  south- 
eastern portion  of  the  State,  and  the  conclusion  was  reached  that  no 
coal-beds  would  be  found  more  than  from  12  to  30  inches  in  thickness. 
In  a  country  which  is  so  destitute  of  timber  these  beds  may  be  wrought 
with  advantage.  The  subject  of  tree-planting  in  Nebraska  cannot  bo 
too  strongly  impressed  upon  the  settlers  in  that  State.  No  labor  or  ex- 
pense should  be  spared  and  no  delay  permitted  in  this  direction.  Not 
many  years  will  elapse  before  fine  forests  of  young  timber  will  cover 
much  of  this  fertile  region.  The  influence  of  these  forests  upon  the  cli- 
mate and  the  soil  has  been  discussed  in  the  report.  A  careful  examin- 
ation of  the  geological  formations,  and  the  physical  geography  of  the 
State,  will  show  at  once  that  its  mineral  resources  must  be  very  limited. 
No  ranges  of  mountains  come  within  its  borders.  Some  iron  ores  occur, 
but  there  is  not  sufficient  fuel  to  utilize  them.  Gold  and  silver  in  pay- 
ing quantities  will  not  probably  be  found. 

The  supply  of  building  material  has  been  shown  to  be  inexhaustible, 
and  the  skill  and  industry  of  the  inhabitants  is  now  fast  turning  it 
to  practical  use. 

The  Union  Pacific  Eailroad,  passing  directly  across  the  State  from 
east  to  west,  has  given  a  wonderful  impulse  to  its  material  prosperity, 
and  must  continue  to  do  so  for  all  time  to  come.  The  demand  for  branch 
roads  in  every  direction  has  already  been  made  by  successful  agricul- 
ture, and  the  ease  with  which  they  can  be  built,  especially  along  the 
bottoms  of  streams,  is  quite  remarkable. 

With  the  exception  of  the  ^Missouri  River,  there  are  no  navigable 
streams  in  Nebraska.    The  Platte,  although  very  broad,  is  always  too 
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shallow,  is  fall  of  sand-bars,  and  quicksands,  and  at  certain  seasons  of 
the  year  it  is  nearly  dry.  The  supply  of  water  for  milling  and  manu- 
facturing purposes,  however,  seems  to  be  abundant.  In  conclusion  I 
would  say  that  my  examination  of  the  resources  of  the  State  has 
^eatly  increased  my  already  favorable  impression  in  regard  to  them. 
With  its  broad,  fertile  bottoms  bordering  a  navigable  river  like  the 
Missouri  for  over  three  hundred  miles ;  with  the  rich  soil  of  the  up- 
lands, and  their  almost  unlimited  supply  of  all  the  agricultural  produc- 
tions adapted  to  that  climate ;  with  its  railroads,  water  privileges,  and 
the  marked  energy  and  industry  of  its  inhabitants,  Nebraska  is  cer- 
tainly  destined  to  take  a  high  position  among  the  States  of  our  Union. 

It  remains  now  for  me  to  acknowledge  my  indebtedness  to  many 
friends,  for  aid  and  sympathy  during  the  progress  of  the  suryey.  The 
appropriation  was  so  small  that  it  would  have  been  impossible  for  me 
to  have  brought  the  survey  to  a  successful  termination  without  the  gen- 
erous assistance  of  the  United  States  military  authorities.  Armed  with 
a  letter  from  General  Grant  to  the  military  commanders  in  the  West, 
requesting  them  to  afford  me  all  the  aid  in  their  power  not  inconsistent 
with  the  public  service,  I  was  everywhere  received  by  them  with  the 
utmost  courtesy.  General  William  Myers,  chief  quartermaster  Depart- 
ment of  the  Platte,  supplied  me  with  a  complete  outfit  for  traveling, 
horses,  equipments,  &c. ;  General  Barriger,  the  chief  commissary,  sup- 
plied me  with  commissary  stores  at  officers'  prices.  From  Colonel  E. 
B.  Carling,  at  Fort  D.  A.  Eussell,  I  obtained  an  outfit,  which  enabled 
me  to  make  an  examination  of  the  coalfields  along  the  base  of  the 
Rocky  Mountains,  near  the  close  of  the  season.  To  the  citizens  of  Ne- 
braska, and  the  press  generally,  I  am  indebted  for  the  most  cordial 
sympathy  and  aid,  and  the  mere*  list  of  their  names  would  occup}'  pages 
of  this  report.  The  officers  of  the  Union  Pacific  Eailroad  supplied  me 
with  every  facility  in  their  power,  as  well  as  free  transportation  for 
party  and  freight  along  the  road. 

To  the  Hon.  P.  W.  Hitchcock,  representative  of  the  Territory  in  Con- 
gress, the  people  of  Nebraska  are  indebted  for  the  appropriation  which 
enabled  the  Geologist  to  make  the  survey.  I  wish  to  express  my  obli- 
gations for  many  favors  of  gi-eat  value  to  Dr.  G.  L.  Miller,  Captain 
William  Wilcox,  and  Hon.  A.  S.  Paddock  of  Omaha. 

The  reports  of  F.  B.  Meek,  paleontologist,  and  Mr.  S.  H.  Scudder,  on 
certain  insects,  injurious  to  vegetation,  are  of  the  highest  value.  The 
report  of  Mr.  Scudder  was  prepared  without  any  expense  to  the  Gov- 
ernment. 

I  take  pleasure  in  extending  my  cordial  thanks  to  my  assistants  in 
the  field,  Mr.  James  Stevenson  and  Edward  Chase,  who  labored  with  zeal 
to  advance  the  interests  of  the  survey. 

Very  respectfully,  your  obedient  servant, 

F.  V.  HAYDEN, 

United  States  Geologist 

To  the  Commissioner  General  Land  Office,  'Washington,  D,  C. 
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CHAPTEE  I. 

DETAILED  REPORT  OF  DOUGLAS  AND  SARPY  COUNTIES. 

Detailed  reports  of  counties  must  necessarily  be  attended  with  more 
or  less  repetition.  Yet  in  presenting  a  report  on  the  geology  of  a  State 
it  would  appear  to  be  important  to  the  inhabitants  of  each  county'  that 
the  local  geology  be  dwelt  upon  with  as  much  minuteness  as  possible. 
It  is  for  this  reason  that  I  have  called  this  portion  of  the  report  the 
local  geology,  much  of  which  will  no  doubt  be  more  interest- 
ing to  the  inhabitants  of  the  State  than  the  general  geology.  I  will, 
therefore,  commence  with  Douglas  and  Sarpy  Counties.  The  basis 
rocks  of  these  two  counties  are  for  the  most  part  of  the  age  of  the  Upper 
Coal-Measures. 

If  the  Permo-Carboniferous  and  the  Permian  were  ever  deposited  over 
this  area,  they  were  swept  away  by  erosion  prior  to  the  deposition  of  the 
Cretaceous  rocks.  If  we  follow  the  valley  of  the  Platte  westward  on  the 
northern  side,  we  shall  see  the  junction  of  the  two  great  periods,  Car- 
boniferous and  Cretaceous,  and  we  shall  find  that  the  beds  of  the  Dakota 
Group,  or  what  we  suppose  to  be  the  Lower  Cretaceous  beds  of  the  West 
rest  directly  down  on  th(j  limestones  of  the  Upper  Coal-Measures.  As 
an  illustration  of  this  statement,  we  find  near  the  Old  Otoe  Village,  eight 
miles  above  the  mouth  of  the  Platte,  a  good  exposure  of  the  sandstone 
resting  conformably  on  the  Carboniferous  limestone. 

In  Douglas  County  there  are  very  few^xposures  of  the  underlying  rocks. 
Indeed,  the  onlyquarriesof  anyimportancein  thecouutyarc  near  Omaha, 
on  the  Missouri  liiver.  But  along  the  Platte  the  limestones  jut  out  in 
massive  beds,  which  supply  all  that  region  with  excellent  building  stone, 
and  most  of  that  used  in  Omaha  is  transported  from  these  quames.  The 
exposure  of  limestones  near  Omaha  is  not  great,  only  about  eight  or  ten 
feet  above  the  water's  edge,  and  over  these  limestones  there  are  from  150 
to  200  feet  of  drift  and  yellow  marl,  which  must  be  stripped  off  before 
the  rocky  layers  below  can  be  made  available.  These  difficulties  will 
always  render  this  quarry  an  expensive  one.  These  limestones  have  also 
been  seen  in  one  or  two  localities  farther  up  the  river.  At  Ilockport, 
about  ten  miles  above  Omaha,  the}'  form  the  bed  of  the  river,  and  on 
this  account  this  locality  was  formerly  known  as  Kock  Bottom,  and 
attracted  the  attention  of  railroad  engineers  as  a  suitable  crossing  for 
a  line  of  road.  I  was  also  informed  that  at  low  water,  limestones  are 
seen  at  Fort  Calhoun  and  DeSoto,  and  it  is  probable  that  at  the  latter 
locality,  the  Carboniferous  beds  disappear  beneath  the  river,  not  to  be 
seen  again  in  the  valley  of  the  Missouri,  until  disclosed  by  the  uplifting 
of  the  Ilocky  Mountain  ranges.  Passing  westward  from  Omaha  there  is 
no  important  exposure  of  rocky  beds  to  be  observed.  The  scenery  is  very 
monotonous — a  rolling  prairie,  with  scarcely  a  tree  to  be  seen. 

Near  Bellevue,  Sar[)y  County,  there  is  an  exposure  of  the  Upper  Coal- 
3Ieasure  rocks  at  low  water,  a  very  careful  section  of  which  has  been 
given  in  Mr.  Meek's  report.    This  quarry  has  been  wrought  more  or  less 
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for  years,  and  the  limestones  used  for  building  purposes,  and  burned 
into  lime.  But  the  most  important  quarry  in  this  country  north  of  the 
Platte  is  that  belonging  to  Mr.  Watson,  and  located  on  the  Pappillion, 
three  miles  west  of  Bellevue.  This  quarry  has  been  worked  for  many 
years,  and  contains  several  layers  of  valuable  rocks  for  building  par- 
poses.  It  is  a  source  of  considerable  revenue  to  the  owners,  and  the 
materials  are  taken  to  Bellevue  and  Omaha  in  great  quantities,  where 
a  ready  market  is  found.  The  following  is  a  section  of  the  beds  in 
descending  order : 

1  G.  Vegetable  soil,  two  to  four  feet  thick,  with  a  few  stray  water- worn 

rocks. 
5.  A  bed,  like  No.  3,  with  fragments  of  fossils,  capped  with  loose  layers 

of  limestone  18  inches  to  2  feet  thick. 

4.  Three  inches  of  light-yellow  clay,  a  hard  layer. 

3.  Yellow  indurated  calcareous  clay,  full  of  shells,  Chonetes  granulifera^ 
Spirifer  plano-convexm,  &c.,  10  inches. 

2.  Several  layers  of  hard  limestone,  very  compact,  with  crinoids,  corals, 
Chonetes  granulifera,,  Athyris  siibtilitaj  Spirifer  earner atus^  Productus 
semi-retieulatm,  &c.,  6  feet. 

1.  Greenish  yellow  clay,  underneath  the  most  valuable  and  massive  bed 
of  limestone,  20  inches  thick.    Below  the  clay,  but  only  exposed  by 
removing  the  earth,  is  a  layer  of  yellow  limestone  18  inches  thick. 
Bed  2  in  the  above  section  produces  the  best  rock  for  building  pui^ 

poses,  and  the  organic  remains  indicate  its  geological  position  to  be  in 
the  Upper  Coal-Measures. 

1  then  visited  the  quarries  along  the  north  bank  of  the  Platte  with 
Messrs.  Clark  and  Watson,  of  Bellevue.  The  first  point  examined  wa« 
Duclos's  quarry,  about  four  miles  above  the  mouth  of  the  Platte.  Here 
are  some  most  excellent  limestones  for  building  purposes,  and  blocks  of 
large  size  are  taken  out  for  the  Omaha  market.  Upon  the  principal 
layer  rests  a  bed  of  yellow  clay,  filled  with  water- worn  pebbles  of  small 
size,  usually  2  or  3  inches  in  diameter,  3  to  4  feet  thick.  Above  this  is 
yellow  marl  of  indefinite  thickness.  The  surface  cH  the  rock  seems  to 
have  been  planed  smooth,  probably  by  glacial  action,  as  if  by  the  hand 
of  art,  so  that  as  far  as  exposed  by  the  stripping  off  of  the  superincum- 
bent clay  and  marl  beds,  no  portion  of  the  surface  seems  to  be  higher 
than  another.  The  main  scratches  or  grooves  are  27^  east  of  north ; 
but  there  are  some  exceptions,  19^,  23^,  27^  east  of  north.  There  is  one 
groove  crossing  the  ^lain  scratches  nearly  north  and  south.  The  obser- 
vations were  taken  with  great  care  with  a  large  surveyor's  compass, 
belonging  to  Mr.  Watson.  Mr.  W.  regarded  the  variation  at  this  point 
as  llj^.  The  entire  process  seems  to  have  been  rather  a  smoothing  one, 
with  a  few  small  pebbles  in  the  bottom  of  the  glaciers.  A  section  at  this 
quarry,  in  descending  order,  reveals  the  following  beds : 

C.  Yellow  marl.    Loess. 

5.  Yellow  clay,  full  of  white  lumps  of  magnesia,  with  small  pebbles. 

4.  A  layer  of  limestone  varying  from  10  to  15  inches  in  thickness,  which 
makes  most  excellent  lime  and  building  blocks.  Athyris  mbtilita^ 
FusuUna  cylindrical  and  Spirifer  cameratm. 

3.  Slope,  doubtless  intercalations  of  clay  and  thin  beds  of  rock,  30  feet. 

2.  Massive  layers  of  limestone,  yellowish-white,  full  of  organic  remains. 
Spirifer  canieratus^  Athyris  subtilita.  Productus  se^ni-reticulatus,  Fu- 
sulina  cylindrica.  The  fusulina  very  abundant  in  the  middle  layers,  10 
to  16  feet. 

1.  Slope,  same  as  bed  3,  25  feet  above  the  Platte. 
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About  two  miles  above  Duclos's  quarry,  the  little  streams  cut  deep 
valleys  along  tbe  region  of  the  Platte,  exposing  some  beds  which  doubt- 
less hold  a  lower  position  than  those  last  mentioned.  Some  very  fine 
springs  issue  from  these  rocks,  which  are  regarded  with  great  favor.  In 
the  vicinity  of  these  springs  there  is  usually  a  large  accumulation  of 
tufaceous  deposits,  sometimes  forming  large  masses  like  thick  layers  of 
porous  or  spongy  limestone.  All  along  the  Platte  the  beds  are  concealed 
except  near  the  foot  of  the  bluffs,  and  the  following  section  is  disclosed 
by  artificial  cuttings:  . 

5.  Greenish-yellow  and  brown  clays  with  irregular  hard  layers  of  lime- 
stone, 2  to  6  inches  thick,  10  to  15  feet. 

4.  Beddish  clay,  2  feet. 

3.  Heavy,  bedded,  bluish  limestone,  very  hard,  6  to  8  feet. 

2.  Yellowish  laminated  clay,  2  feet. 

1.  Bluish,  hard,  argillaceous  limestone,  12  to  18  inches. 

The  Carlisle  quarries  are  about  ten  miles  above  the  mouth  of  the 
Platte.  The  rock  here  is  a  blue  limestone  in  layers  2  to  12  inches  thick, 
with  intercalations  of  clay  1  or  2  inches  thick.  It  breaks  into  fine  blocks 
for  caps  and  sills,  and  is  much  sought  after.  Near  Fair  View,  just  below 
the  mouth  of  Buffalo  Creek,  a  section  was  taken : 

8.  Yellowish  calcareous  clay,  full  of  Fmalina  cylindrical  2  to  4  feet. 
7.  Yellowish  indurated  clay,  18  inches. 

6.  Rather  porous,  impure  limestone,  12  inches. 

5.  Yellow  and  ash-colored  clay,  2  feet. 

4.  Massive  yellow  limestone,  very  good,  full  of  organic  remains,  Allorh- 
ma,  Athyris,  Productus,  &c.,  3  to  4  feet. 

3.  Slope. 

2.  Limestone. 
1.  Slope. 

Farther  up  the  Platte  bed  4  appears  again;  and  always,  wherever  it 
occurs,  forms  most  valuable  quarries  for  the  inhabitants.  All  these 
layers  of  limestone  continue  nearly  to  the  mouth  of  the  Elkhorn,  gradu- 
ally passing  by  a  gentle  dip  beneath  the  Cretaceous  sandstone.  Near 
the  mouth  of  the  Elkhorn  and  along  that  stream  are  several  bluffs  of  the 
yellow  sandstone,  soft,  and  yielding  readily  to  atmospberic  influences; 
but  the  mural  faces  ai^  often  covered  with  hieroglyphics,  so  that  they 
seem  to  have  been  of  some  service  to  the  Indian  on  which  to  record  his 
history. 

In  summing  up  the  geology  of  these  two  counties  we  can  at  a  glance  see 
the  simplicity  of  its  character.  A  few  beds  of  the  Upper  Coal-Measures 
and  the  nisty  sandstones  of  the  lowest  division  of  the  Cretaceous  series, 
the  Dakota  Group,  are  all  that  occur.  We  find  at  one  or  two  localities 
the  Cretaceous  and  Carboniferous  beds  in  apposition;  and  though  the 
eye  can  observe  no  apparent  want  of  conformity  in  these  beds,  yet  we 
can  readily  imagine  the  tremendous  effects  of  the  erosion  prior  to  the 
deposition  of  the  sandstone,  from  the  fact  that  hundreds  of  feet  of  clays 
and  limestones  must  have  been  swept  away. 

The  first  interesting  feature  in  the  geology  of  this  district  is  the  vast 
deposit  of  yellow  marl  or  Loess,  which  covers  the  whole  of  Eastern  Ne- 
braska. Although  I  shall  allude  to  this  deposit  quite  often  in  another 
portion  of  this  report,  yet  it  will  be  as  well  to  define  it  as  clearly  as  possible 
in  this  connection.  Above  the  basis  rocks  there  is  generally  a  consider- 
able thickness  of  a  deposit  which  goes  under  the  general  name  of  Drift. 
Near  Omaha  it  is  40  or  50  feet  in  thickness  composed  of  loose  sand,  water- 
worn  pebbles,  &c.,  the  layers  of  deposition  inclining  at  all  angles,   indeed. 
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there  is  every  evidence  of  turbulent  waters  during  its  deposition. 
Mingled  with  the  water-worn  pebbles  are  fragments  of  iron  ore,  and 
often  thin  layers  of  rusty  sand,  which  shows  that  a  large  portion  of  the 
materials  of  this  drift  is  derived  from  the  washing  away  of  the  Creta- 
ceous rocks.  The  coarse  gravel  gradually  passes  up  into  fine  sand,  then 
clay,  and  not  unfrequently  the  clay  graduates  up  into  the  yellow  marl. 
In  mo^t  instances  the  bluffs  of  yellow  marl  present  a  massive  front, 
without  any  signs  of  stratification.  Sometimes  there  are  indistinct  traces 
of  stratification,  but,  as  a  general  rule,  the  yellow  marl  indicates  a  depo- 
sition in  very  quiet  waters,  probably  in  a  lake.  This  yellow  marl  is 
sometimes  called  the  bluff  formation,  from  the  fact 'that  it  forms  the 
greater  portion  of  the  high  hills  bordering  the  Missouri  River  on  either 
side.  Indeed,  it  is  this  formation  that  gives  the  contour  to  the  hills  and 
character  to  the  entire  surface  of  the  country  forming  Eastern  Nebraska. 
But  its  most  powerful  influence  upon  this  region  lies  in  the  wonderful  fer- 
tility which  it  has  imparted  to  all  soils,  lowland  or  upland.  It  varies  from 
5  to  150  feet  in  thickness  in  different  places;  yet,  throughout  its  entire 
thickness,  it  is  filled  with  nutritious  matter  for  the  growth  of  vegetation. 
It  is  owing  to  the  univ^ersal  distribution  of  this  marl  that  the  underlying 
basis  rocks  are  so  rarely  revealed  to  the  eye  of  the  geologist.  Passing  west^ 
ward  from  Omaha,  as  far  as  the  eye  can  reach,  nothing  can  be  seen  but 
one  series  after  another  of  rounded  hills  or  long  sloping  ridges.  The  yield- 
ing nature  of  this  marl  is  such  that  it  wears  away  into  gentle  slopes,  so 
that  traveling  is  not  diflicult ;  yet  there  is  no  more  variation  in  the  form 
of  the  surface  than  in  that  of  the  sea  when  agitated  by  the  winds.  This, 
too,  is  a  great  advantage  to  the  country,  for  on  thisa<?count  the  drainage 
is  perfect.  Sometimes  the  farmers  complain  that  their  farms  are  rough 
and  not  as  desirable,  but  this  feature  will  be  regarded  at  some  future 
period  as  most  important  in  the  cultivation  of  certain  crops.  This  marl 
was  called,  many  years  ago.  Loess  by  Mr.  Lyell,  who  examined  it  along 
the  banks  of  the  Mississippi.  It  forms  the  characteristic  features  of  the 
hills  along  the  Missouri  and  the  Mississippi  from  the  Great  Bend  to  the 
Gulf  of  Mexico.  But  through  the  State  of  Missouri,  so  far  as  I  have 
observed  it,  it  contains  more  clay.  The  hills  upon  which  the  village  ol 
St.  Joseph  is  located  are  fine  examples  of  the  yellow  marl.  Here  very 
deep  artificial  excavations  have  been  made.  Scattered  through  it  every- 
where is  an  abundance  of  land  and  fresh- water  shells  which  all  belong, 
so  far  as  we  know,  to  recent  species;  a  great  variety  of  the  genus 
Helix,  also  Limnea^  Physa,  Flanorbis  Pupa,  Succinnea,  valves  of  Cyclas, 
and  some  others.  These  shells,  of  course,  illustrate  its  purely  fresh-water 
character.  This  marl  is  also  often  filled  with  whitish  ctilcarcous  concre- 
tions or  nodules,  which  are  sometimes  hollow.  These  nodules  are 
especially  abundant  at  the  foot  of  the  lofty  marl  bluffs  which  form  the 
precipitous  range  of  hills  along  the  Missouri  River  below  the  mouth  of 
the  Big  Sioux,  Not  unfrequently  the  bones  of  extinct  animals,  mingled 
with  those  existing  at  the  present  time,  are  found  in  this  marl.  The 
bones  and  skull  of  the  butt'alo  often  occur.  A  most  excellent 
skull  of  the  buffalo  was  recently  found  in  the  marl  bluff's  near 
Dakota  City,  30  feet  below  the  surface.  Kear  Plattsmouth  Rev.  J.  G. 
Miller  obtained  the  bones  and  skull  of  a  rodent,  enveloped  in  one  of 
these  calcareous  concretions,  which  on  examination  proved  to  belong  to 
the  Gcomys  bursarim,  pouched  or  pocket  gopher.  This  animal  is  still 
very  abundant  all  over  the  rock  bottoms  of  the  Missouri  from  mouth  to 
source,  and  yet  we  determine  from  this  specimen  that  it  extended  back 
in  time  to  the  period  of  the  Loess  and  was  a  cotemporary  with  the  mas- 
todon  and  elephant.     In  a  large  number  of  localities  the  bones  and 
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teeth  of  mastodons  and  of  the  beaver  have  been  found.  The  teeth  of 
the  Mastodon  gigantem  and  Elephas  primigenius  are  not  uncommon. 
This  carries  us  far  back  into  the  past,  when  the  great  valley  of  the  Mis- 
souri, or  a  large  portion  of  it,  was  one  vast  fresh-water  lake,  with  its 
myriads  of  streams  pouring  in  from  every  side,  on  the  shores  of  which 
tramped  the  huge  mastodon  and  elephant,  along  with  the  smaller  quad- 
rupeds that  now  inhabit  this  region.  The  beaver  also  built  his  dams 
along  the  streams,  and  cut  the  timber  that  grew  along  the  banks,  while 
the  gopher  burrowed,  as  now,  under  the  rich  soil  of  the  bottoms.  As  1 
have  before  remarked,  this  yellow-marl  formation  has  sometimes  been 
called  the  Loess  l>om  a  similar  deposit  which  exists  in  the  valley  of  the 
Rhine,  and  which  has  given  this  valley  a  celebrity  in  song  and  story 
all  over  the  world.  The  vine-clad  hills  of  the  Ehine,  and  the  delicious 
wine,  have  long  been  associated  with  this  district;  and  if  grape-vines 
that  will  withstand  the  severity  of  the  climate  can  be  found,  these  hills 
along  the  Missouri  River  will  rival  those  along  the  Rhine  in  the  abund- 
ance of  the  grapes,  and  the  income  of  their  vineyards. 

There  is  another  feature  in  the  scenery  along  the  Missouri  which 
should  not  be  overlooked  here,  from  the  fiict  that  it  is  quite  conspicu- 
ous, and  contains  within  itself  a  most  important  truth,  throwing  much 
light  on  the  history  of  the  great  West.  The  terraces  along  the  Missouri 
and  many  of  its  tributaries  are  not  confined  to  the  district  where  the 
yellow  marl  is  deposited,  for  I  have  seen  these  terraces  even  more  num- 
erous and  conspicuous  about  the  sources  of  the  Missouri  and  Yellow- 
stone, and  they  are  described  as  occurring  in  the  valley  of  the  Colum- 
bia and  other  rivers,  flowing  into  the  Pacific.  They  are  doubtless 
instructive  as  showing  the  pauses  that  occurred  in  the  upward  rising  of 
the  country  during  the  elevation  of  the  Rocky  Mountain  range.  There 
is  generally  the  uncertain  sandy  bottom  next  to  the  river,  then  an  ab- 
rupt terrace,  4  to  15  feet  high,  which  forms  the  proper  river  bottom ; 
then  comes  the  second  terrace,  which  also  varies  much  in  height  above 
the  river  bed  of  from  a  few  feet  to  100  or  150  feet.  The  city  of  Omaha 
is  located  on  one  of  these  high  terraces,  which  is  almost  entirely  com- 
posed of  yellow  marl.  This  terrace  slopes  gently  up  to  the  foot  of  the 
marl  hills,  when  the  ascent  becomes  more  abrupt. 

It  is  not  often  that  the  terrace  is  worn  away  into  the  rounded  hills,  as 
shown  near  Council  Blutts.  Sometimes  there  are  three  or  four  of  these  ter- 
races, but  usually  not  more  than  two  conspicuous  ones.  When  the  ter- 
races are  well  shown  on  one  side  of  a  river  they  seem  to  be  wanting  on 
the  opposite  side.  Bellevue  is  also  located  on  a  high  terrace  overlook- 
ing a  vast  extent  of  country,  and  so  fine  is  the  location  and  so  beau- 
tiful the  prospect  that  it  has  called  forth  the  involuntary  admiration  of 
travelers  from  Lewis  and  Clark  to  those  of  the  present  time.  In  a  [)urely 
economic;  view  this  deposit  is  of  very  great  value  to  the  settlers.  The  ero 
sion  of  the  limestones  and  clays  of  the  Upper  Coal-Measures  alpne  could 
never  have  given  such  wonderful  fertility  to  the  soil  of  Nebraska;  indeed, 
it  is  almost  or  entirely  independent  of  it.  Indeed,  it  is  composed  of  a 
mixture  of  the  eroded  materials  of  all  the  formations  in  the  Missouri 
Valley,  and  particularly  of  the  Cretaceous  and  Tertiary  formations  and 
the  soft,  yielding,  chalky  limestone  of  No.  3  Cretaceous  enters  largely 
into  its  composition.  I  made  collections  of  the  soils  and  the  yellow 
marls  from  various  localities.  They  are  now  in  the  possession  of  Pro- 
fessor S.  W.  Johnson,  of  Yale  College,  for  analysis,  and  no  report  has 
yet  been  made.  In  the  excellent  report  of  Professor  Swallow  on  the 
geology  of  Missouri,  1855,  several  analyses  of  yellow  marl  Irom  ^\S^^- 
ent  points  are  glreu  as  conducted  by  Professor  Litton.    Profe^§>OT  li. 
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also  gives  a  table  of  analyses  of  the  Loess  of  the  Rhine,  and  I  will  quote 
it  here  to  show  how  closely  related  these  two  deposits  seem  to  be  in 
tiieir  chemical  composition.  It  is  not  to  be  supposed  that  they  are  neces- 
sarily synclironous  in  their  deposition,  as  some  of  the  older  formations 
are  sui>i)osed  to  be,  but  merely  this,  that  similar  causes  have  i)roduced 
similar  results.  The  Loess  of  the  Rhine  may  have  been  deposited  in  a 
quiet  lake,  and  the  materials  may  have  been  composed  of  the  eroded 
d6bris  of  the  rocks  of  a  similar  chemical  composition.  It  will  be  seen 
also  that  those  chemical  constituents  predominate  in  the  yellow  marl 
that  are  useful  for  the  growth  of  the  different  cereals.  In  one  hundred 
parts  of  this  marl,  dried,  from  near  Hannibal,  Missouri,  analyzed  by  Dr. 

Litton,  there  were,  from  two  analyses — 

•       1.  2. 

Silica 76.98  77.02 

Alumina  and  peroxide  of  iron 11. 54  12. 10 

Lime 3.67  3.25 

Magnesia 1. 68  1. 63 

Carbonic  acid Not  determined.    2.83 

Water 2.01  2.43 

96. 17  99. 26 


Brick  made  from  this  formation,  from  the  same  locality,  gave  the  fol- 
lowing result : 

Silica ^ 79.52 

Alumina  and  peroxide  of  iron 12. 80 

Lime 3.45 

Magnesia 1.95 

Carbonic  acid  and  water 1. 11 

98.83 


Bischoff^s  analyses  of  the  Loess  of  tlie  Rhine. 


Number  of  analysis. 


Ist. 


Silicic  acid 

Alumina 

Peroxide  of  iron 

Lime 

Magnesia 

Potash 

Soda 

Carbonate  of  lime 

Carbonate  of  magnesia 
Loss  by  ignition 


58.97 
9.97 
4.25 
0.02 
0.04 
0.11 
0.84 

20.16 
4.21 
L37 


2d. 


79.53 
13.45 
4.81 
0.02 
0.06 
L05 
1.14 


3d. 


78.61 
15.26 


0.91 
3.31 


L89 


4th. 


62.43 
7.51 
5.14 


0.21 

1.75 

n.63 
3.02 
2.31 


5th. 


8L04 
9.75 
6.67 


0.27 
2.27 


The  table  of  five  analyses  is  taken  from  Bischoff's  Chemical  Geology, 
and  it  will  be  seen  at  once  that  the  two  deposits  are  not  essentially  dif- 
ferent from  each  other  chemically.  This  deposit  is  found  everywhere 
along  the  Missouri  Eiver  to  the  Great  Bend,  and  for  a  considerable  dis- 
tance up  all  the  tributaries  of  that  river.  It  gradually  thins  out  as  we 
proceed  westward  until  it  disappears  beyond  the  mouth  of  Loup  Fork. 
This  shows  clearly  that  the  deposit  was  made  after  all  the  great  water- 
courses in  the  West  were  maiked  out,  and  was  one  of  the  latest  of  the 
important  geological  events  in  this  region. 
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CHAPTER    II. 

CASS,  OTOE,  AND  NE^iAHA  COUNTIES. 

Cass  County. — This  county  lies  immediately  south  of  the  Platte  River, 
and  borders  on  the  Missouri.  It  is  one  of  the  most  fertile  and  pro- 
ductive counties  in  the  State.  The  Weeping  Water,  a  considerable 
stream,  passes  nearly  diagonally  through  it  and  flows  into  the  Missouri 
near  the  little  town  of  Wyoming.  The  Platte  forms  the  north  limit  and 
the  Missouri  the  east,  so  that  it  seems  to  be  most  favorably  located  so 
far  as  water  is  concerned.  But  while  this  proximity  to  streams  renders 
a  large  portion  of  the  surface  very  rolling,  or  rough,  as  the  farmers  term 
it,  there  is  undoubtedly  more  wood-land  on  that  account.  Along  the 
Missouri  there  is  a  good  supply  of  timber,  and  a  young  growth  of  trees 
is  continually  aggressing  upon  the  prairie  portion.  If  not  removed  by 
the  ax  or  destroyed  by  fire,  these  hills  and  valleys  will,  in  a  few  years, 
be  clothed  with  a  thick  growth  of  valuable  timber.  Among  the  ravines 
of  the  Platte  are  a  great  number  of  patches  of  oak,  sufficient  for  fuel,  on 
every  farm.  Then  again,  along  the  valley  of  the  Weeping  Water  there  is 
a  good  deal  of  excellent  wood-land,  and  an  abundance  of  limestone 
for  all  kinds  of  building  purposes,  and  some  excellent  mill-sites.  Nearly 
all  the  farms  are  occupied  by  actual  settlers,  and  the  crops  of  wheat, 
during  the  autumn  of  1867,  were  unsurpassed  by  any  other  portion  of 
th^  United  States.  I  should  judge  also  that  this  county  is  settled  by  a 
thrifty  and  intelligent  class  of  farmers,  for  we  find  not  only  well-culti- 
vated farms,  with  neat  farm-houses,  but  also  neat  churches  and  school- 
houses.  The  entire  county  is  covered  with  an  immense  thickness  of  the 
yellow  marl  which  conceals  all  the  basis  rocks  except  along  the  streams. 

As  in  the  counties  already  described,  only  the  Upper  Coal-Measures 
and  the  Cretaceous  rocks  are  found.  Along  the  Platte,  about  twelve 
miles  west  of  Plattsmouth,  and  from  thence  to  the  mouth  of  Salt  Creek, 
there  are  numerous  quarries  of  the  rusty  sandstones  of  the  Dakota 
Group.  In  these  sandstones  are  numerous  impressions  of  dicotyledo- 
nous leaves  similar  to  those  found  at  Blackbird  Hills,  Decatur,  and 
other  localities  to  the  northward.  Kear  Plattsmouth  is  a  series  of 
beds  of  clays,  sandstones,  and  limestones  of  the  Carboniferous  period, 
and  corresponding  with  those  already  noticed  on  the  north  side  of  the 
Platte.  Near  the  summit  of  the  hill  is  a  layer  of  limestone  four  to  six 
feet  in  thickness,  which  has  been  much  wrought  for  building  materials. 
As  the  superincumbent  clays  and  marls  are  stripped  oft*,  a  smooth  sur- 
face is  revealed,  with  indistinct  scratches,  the  same  as  seen  on  the  oppo- 
site side  of  the  Platte.  How  extensive  this  planing  operation  was  car- 
ried on  in  this  region  it  is  impossible  to  tell,  yet,  according  to  the  inves- 
tigations of  Dr.  White  in  Iowa,  this  glacial  action  must  have  extended 
over  a  large  area,  and  perhaps  over  all  the  Northwest.  In  a  very  inter- 
esting article  by  Dr.  White,  i)ubli8hed  in  the  American  Journal  of  Sci- 
ence for  May,  1867,  entitled  "Observations  upon  the  Drift  Phenomena  in 
Southern  Iowa,''  he  states  that  as  far  back  as  1858  he  discovered  dis- 
tinct glacial  scratches  on  an  exposed  Layer  of  the  upper  Burlington 
limestone.  During  the  past  season  he  discovered  other  traces  of  this 
action  on  limestones  of  the  Upper  Coal-Measures  in  Mills  County.  In 
Nebraska  these  scratches  have  been  observed  at  Omaha,  on  the  Platte, 
and  along  the  Missouri  below  the  mouth  of  the  Platte,  and  the  inference 
is  a  just  one  that,  if  the  great  thickness  of  drift  and  yellow  marl  could 
be  removed  from  the  surface  of  the  limestones,  we  should  find  that  this 
glacial  action  was  universal.    This  is  undoubtedly  the  beginning  of  a 
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series  of  events  which  coutinued  up  into  the  present  period.  I  hope  to 
be  able  to  discuss  this  matter  more  fully  in  another  part  of  this  report. 
Through  the  great  kindness  of  the  Eev.  J.  G.  Miller,  of  Plattsmouth,  I 
was  able  to  examine  much  more  of  this  county  than  I  could  otherwise 
have  done,  and  by  his  aid  I  secured  all  the  essential  points.  On  our 
way  to  Weepiug  Water  from  Plattsmouth  we  pass  over  a  rolling  prairie 
country  underlaid  with  yellow  marl,  but  having  a  surface  soil  of  almost 
unexampled  fertility.  Near  Eight-Mile  Grove,  at  Mr.  Austin's,  we  could 
ascertain,  approximately,  the  thickness  of  the  yellow  marl  at  that  dis- 
tance from  the  river.  A  well  dug  30  feet  revealed  no  rocky  layer  on 
high  ground  and  away  from  the  main  water-courses.  The  water  is 
excellent.  Kear  Mr.  A.'s  house  there  is  a  peat-bed  that  will  undoubt- 
edly be  of  some  value  when  wrought.  The  peat  appears  to  be  two  or 
three  feet  thick.  There  are  several  of  these  peat  marshes  in  this  neigh- 
borhood. In  the  valley  of  Weeping  W^ater  there  is  a  bed  of  ligh^ 
yellow  limestoue — a  few  layers  compact  and  good  for  building  purposes. 
It  is  mostly  brittle,  breaking  into  irregular  fragments,  with  no  true 
regular  cleavage.  A  fine  large  mill  and  several  houses  are  constructed 
of  this  limestone  in  the  valley.  The  fossils  are  quite  rare.  The  grassy 
slopes  are  so  numerous  everywhere  that  I  found  it  difficult  to  secure  a 
full  section  of  the  rocks. 

7.  Limestone,  hard,  whitish,  and  yellowish- white ;  cropping  out  at  the 

summits  of  the  hills,  and  lying  on  the  slopes  in  large  masses  8  to 
10  feet  thick. 

6.  Slope,  20  to  30  feet. 

5.  Layers  of  bluish  limestone,  brittle  and  chertj' ;  full  of  flint,  G  to  8 

inches  thick,  and  breaking  into  square  blocks  6  to  8  feet  thick. 

4.  Slope,  20  to  30  feet. 

3.  Shelvinglimestone,  yellow,  not  very  useful  for  buildings;  underneath 

this  is  a  small  bed  of  clay  which  forms  a  slope. 

2.  Yellowish-white,  brittle  limestone,  with  much  sulphuret  of  iron  in 

cavities. 

1.  Shale  or  black  slate. 

These  limestones  are  often  filled  with  the  comminuted  fragments  of 
fossils,  as  corals,  bryozoa,  and  stems  of  crinoids,  and  not  unfrequently 
thick  layers  are  made  up  of  an  aggregate  of  the  Fmulina^  so  that  when 
the  rock  disintegrates  the  surface  looks  sometimes  as  if  it  was  covered 
to  a  considerable  thickness  with  grains  of  wheat.  The  crinoids  are 
extremely  abundant  in  their  fragmentary  condition,  but  it  is  very  seldom 
that  a  specimen  can  be  found  sufficiently  perfect  to  be  characterized. 
Near  the  mouth  of  Stone  Creek,  section  12,  range  10,  township  10,  in- 
dications of  coal  have  been  observed.  Mr.  E.  L.  Reed,  residing  at  the 
little  village  of  Weeping  Water,  sunk  a  shaft  through  the  following 
beds : 

9.  Sandstones,  which  form  the  bed  of  the  creek,  10  feet. 

8.  Slate  and  clay,  3  feet. 

7.  Coal,  9  inches. 

6.  Whitish,  fire  clay,  3  feet. 

5.  Crystalline  quartz,  3  inches. 

4.  Bluish  clay,  4  feet. 

3.  Whitish,  fire  clay,  6  feet. 

2.  Red  clay,  3  feet. 

1.  Soft  white  limestone,  — . 

The  coal  above,  although  so  thin  a  seam  as  to  render  it  unprofitable 
for  working,  is  of  good  quality,  and  is  useful  to  the  blacksmiths  in  the 
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vicinity.  These  alternate  beds  of  limestones,  sands,  and  clays  give  to 
the  surface  of  the  country  bordering  on  the  Weeping  Water  an  unusu- 
ally rugged  character.  The  bottoms  of  the  little  streams  are  narrow, 
the  soil  is  good,  water  excellent,  and  the  valley  is  well  settled  and  is 
prosperous. 

Near  the  residence  of  Dr.  Childs,  about  fourteen  miles  west  of  Platts- 
mouth,  is  a  bed  of  red  earth  under  the  Cretaceous  sandstones  which 
looks  like  red  ocher.  There  is  along  the  Platte,  in  this  county,  con- 
nected with  the  Cretaceous  sandstones,  quite  a  series  of  the  variegated 
sands  and  clays  of  the  Dakota  Group,  which  must,  at  some  future  time, 
be  made  very  useful  for  economical  purposes.  Still  at  this  time  there  is 
80  much  excellent  limestone  in  this  county  that  the  wants  of  the  set- 
tlers are  fully  supplied.  There  are  many  beautiful  houses  built  of  lime- 
stone. This  rock  seems  to  work  easily  into  any  desirable  shape.  I  have 
estimated  that  the  quarries  of  this  county  would  supply  the  whole 
State  with  building  material  for  many  years  to  come;  and  where  I 
examined  the  clays  and  sands  they  are  quite  inexhaustible.  The  demand 
for  fuel  will  never  be  as  good  in  this  county  as  in  some  of  the  others 
farther  west,  on  account  of  the  supply  of  wood-land  ;  but  I  would  ask 
the  attention  of  the  farmers  to  the  importance  of  peat  as  an  article  of 
fuel  at  some  future  time,  or  as  an  article  of  trade  with  the  counties 
west.  I  am  confident  that  a  moderate  supply  at  least  can  be  found  in 
this  county,  and  that  it  will  soon  become  an  earnest  object  of  pursuit  and 
a  source  oi*  great  profit.  But,  like  all  the  eastern  portion  of  Nebraska, 
the  great  wealth  of  this  county  lies  in  its  inexhaustible  soil,  which 
yields  the  most  abundant  crops.  The  wheat  crops  will  average  30  to  35 
bushels  per  acre ;  oats,  40  to  50 ;  and  corn,  60  to  75,  while  for  grazing 
and  stock-raising  the  whole  country  is  unsurpassed  by  any  portion  of 
the  globe.  With  all  these  facts  before  us,  it  is  very  easy  to  predict  for 
eastern  Nebraska  a  remarkable  destiny  in  the  future. 

Otoe  and  Nemaha  Counties. — ^The  geology  of  all  the  counties  bordering 
on  the  Missouri  south  of  the  Platte  has  been  so  ably  and  minutely  dis- 
cussed by  Mr.  Meek,  in  his  report,  that  I  shall  allude  to  it  only  in  a 
general  way,  although  the  geological  structure  of  this  district  seems 
very  simple.  Yet,  to  trace  out  the  details  of  the  beds,  so  as  to  be  satis- 
fied with  the  perfect  accuracy  of  the  work,  is  very  difidcult.  The  Car- 
boniferous rocks  of  Nebraska  are  made  up  of  a  series  of  layers  of  lime- 
stones, sandstones,  sands,  and  clays  of  all  colors  and  composition,  and, 
unlike,  the  rocky  beds  of  nearly  all  the  older  Paleozoic  periods,  there  seems 
to  be  no  persistency  in  the  lithology  over  even  small  areas.  No  two 
sections  of  strata  not  eighteen  miles  apart  are  alike,  and  the  same  bed 
changes  apparently  in  short  distances.  If  a  ver^^  careful  section  of  the 
beds,  as  revealed  in  some  natural  exposure  along  the  Missouri  Eiver,  is 
taken,  it  will  fail  to  correspond  with  the  results  of  a  boring  farther  into 
the  interior.  Sections  of  the  natural  exposures  at  Plattsmouth,  Ne- 
braska City,  Brownsville,  Eulo,  or  White  Cloudy  on  the  Missouri,  will 
fed  to  correspond,  except  in  some  few  particulars,  and  the  vast  thick- 
ness of  yellow  marl,  which  conceals  the  underlying  rocks  over  such  a 
great  extent,  leaves  considerable  intervals  continually,  ovei^which  it  is 
impossible  to  trace  out  the  beds.  These  Upper  Coal-Measure  rocks  seem 
to  be  as  changeable  in  their  lithological  characters  as  those  of  the  Ter- 
tiary period.  What  adds  to  the  difficulty,  also,  is  the  fact  that  the  same 
species  of  fossils,  with  few  exceptions,  run  through  all  the  beds.  Many 
of  the  same  species  run  through  all  the  beds  that  are  exposed  by  the 
Missouri,  from  Leavenworth  City  to  Omaha.  As  has  been  s\iO\v\i  \i^ 
Mr.  Meek^  both  these  counties  are  underlaid  by  rocks  of  theTJpp^t  Co^V 
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Measures,  or  Permo-Carboniferous.  The  Cretaceous  saudstones  have  not 
been  observed  on  the  western  borders,  and  it  is  probable  that  the  Creta- 
ceous belt  extends  westward  beyond  the  limits.  It*  the  western  portions 
of  these  two  counties  could  be  stripped  of  this  thick  covering  of  marl, 
it  is  very  i)robable  that  true  Permo-Carboniferous  beds,  and,  quite  possi- 
bly, true  Permian  would  be  disclosed  at  some  pointe.  The  efforts  in 
search  of  coal  in  Nebraska  have  so  far  been  unsuccessful,  but  so  impor- 
tant does  it  seem  to  be  to  the  inhabitants  that  a  source  of  mineral  fuel 
should  be  found  somewhere  within  the  limits  of  the  State,  that  its  exist- 
ence or  non-existence  becomes  the  most  important  problem  for  solution 
connected  with  the  survey.  In  succeeding  portions  of  this  report,  I 
shall  allude  frequently  to  outcroppings  and  seams  of  coal  in  various 
portions  of  the  State ;  but,  inasmuch  as  so  great  interest  has  been  taken 
in  this  question  by  gentlemen  at  Nebraska  City,  it  will  not  be  out  of 
place  to  discuss  the  matter  briefly  now.  Mr.  Meek,  in  his  report,  has 
discussed  the  probabilities  of  the  existence  of  a  bed  of  coal  within  ac- 
cessible distance  of  the  surface  within  the  limits  of  the  State  with  his 
usual  care,  and  he  has  given  the  details  of  the  sections  shown  by  the 
borings  at  different  localities.  His  opinion  seems  to  be  unfavorable  to 
success  anywhere  within  the  limits  of  the  State.  As  far  back  as  1862, 
I  published  a  ijaragraph  in  a  memoir  read  before  the  American  Philo- 
sophical Society  in  Philadelphia,  referring  to  some  indications  of  coal 
along  the  banks  of  the  Platte,  which  had  attracted  the  attention  of  set- 
tlers : 

A  Beam  of  carbonaceous  shale,  12  to  18  inches  in  thickness,  crops  out  occaAionaUy 
near  the  water's  edge,  and  is  regarded  by  the  inhabitants  as  a  sure  indication  of  coal. 
The  great  scarcity  of  timber  throughout  this  region  would  render  such  a  discovery  of 
the  highest  importance,  but  I  am  inclined  to  the  opinion  that  it  is  a  geolo;;ical  impos- 
sibility for  a  workable  seam  of  coal  to  be  found  within  the  limits  of  the  Territory  of 
Nebraska.  The  limestones  of  southeastern  Nebraska  belonc  to  the  Upper  Coal-Measures, 
and  form  the  extreme  northwestern  rim  of  the  great  coal-basin,  and,  inasmuch  as  the 
strata  dip  toward  the  northwest,  in  ascending  the  river,  at  least  one  foot  to  the  mile, 
there  must  be  from  600  to  1,000  feet  of  clays,  shales,  and  limestones  over  the  first  seam 
of  coal  two  feet  in  thickness,  in  any  part  of  the  country  near  the  mouth  of  the  Platte. 
A  bed  of  coal,  to  be  really  valuable  for  economical  i)uri>ost»s,  should  be  at  least  three 
feet  in  thickness,  and  even  then  it  would  not  prove  profitable  if  a  large  amount  of 
labor  were  required  in  opening  the  mine. 

It  had  always  been  my  opinion  that  the  Coal-Measure  rocks  of  Ne- 
braska were  located  on  the  western  rim  of  the  great  coal  basin  of  the 
West,  and  that  a  profitable  bed  of  coal  would  never  be  found  within  a 
workable  distance  of  the  surface.  During  the  survey  many  facts  bear- 
ing on  that  point  were  secured  which  we  had  never  known  previously. 
The  fact  that  the  Union  Pacific  Railroad  Company  had  bored  400  feet 
at  Omaha :  that  Mr.  Croxton  had  bored  down  nearly  the  same  distance 
at  Nebraska  City,  without  passing  through  any  important  seam  of  coal, 
seemed  discouraging.  Now,  if  we  go  still  lower  down  the  river,  where 
the  rocks  hold  a  position  several  hundred  feet  lower  in  the  geological 
scale  than  at  Nebraska  City,  at  Atchison,  St.  Joseph,  Leavenworth,  and 
some  other  localities,  we  shall  find  that  borings  have  been  made  400  or 
500  feet  with  no  better  success.  Again,  if  we  examine  a  small  but  valu- 
able memotr  on  the  geology  of  Northern  Missouri,  by  Mr.  Broadhead,  we 
shall  find  that  in  this  paper  he  gives  a  continuous  section  of  the  beds  as 
they  are  seen  in  their  natural  exposures,  of  2,000  feet  or  more  in  thickness, 
including  the  Upi>er  Coal-Mciisures  and  a  part  or  all  the  Middle  Coal- 
Measures,  and  yet  he  does  not  find  a  seam  of  coal  over  2  or  2^  feet  in 
thickness.  Another  fact  seems  to  me  to  possess  considerable  weight. 
In  the  valley  of  the  Des  Moines,  in  the  Lower  Coal-Meiisures,  are  found 
several  beds  of  coal  varying  in  thickness  from  1  to  7  feet.    The  fact 
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that  these  seams  of  coal  were  not  more  than  one  hundred  or  one  hun- 
dred aud  thirty  miles  eiist  of  Nebraska  City  gave  encouragement  that 
the  same  seams  would  be  penetrated  at  the  latter  place  at  a  reasonable 
depth.  But  it  is  probable  that  in  the  western  extension  there  is  a  thin- 
Diug  out  of  the  beds  of  coal  and  shale  and  a  thickening  of  the  lime- 
stones, clays,  and  sands.  It  is  now  well  known  that  the  Carboniferous 
limestones  disclosed  by  the  elevation  of  the  Kocky  Mountains  are  of 
the  same  age  as  those  along  the  Missouri  in  Nebraska,  Iowa,  and  Kan- 
sas. We  believe  that  these  beds  pass  beneath  the  more  recent  deposits 
m  Nebraska  only  to  reappear  again  along  the  margins  of  the  mountains, 
and  we  have  no  reason  to  suppose  that  the  continuity  of  Carboniferous 
rocks  from  the  Missouri  Eiver  to  the  mountains  is  interrupted  under- 
neath the  Tertiary,  Cretaceous,  or  other  deposits.  Now  all  along  the 
margins  of  the  mountains,  from  the  north  line  to  the  Arkansas,  there  are 
no  black  shales  or  indications  of  coal  in  the  Carboniferous  rocks  that 
would  deceive  the  most  hopeful.  The  beds  are  for  the  most  part  mas- 
sive limestones,  or  fine,  compact  sandstones,  and  the  entire  absence  of  ir- 
regular beds  of  sands,  clays,  seams  of  shale  or  coal,  would  seem  to  indi- 
cate that  the  Carboniferous  rocks  passed  through  these  changes  gradu- 
ally in  their  extension  westward.  These  facts  point  to  the  conclusion, 
as  I  have  before  mentioned,  that  Nebraska  lies  on  the  western  border  of 
the  coal-basin,  and  however  deep  borings  may  be  carried  anywhere 
along  the  Missouri  Eiver  no  seams  of  coal  over  2  or  2.J  feet  will  ever  be 
penetrated.  As  a  matter  of  course  it  is  not  possible  to  decide  this  point 
iwsitively  except  by  actual  boring,  and  it  certainly  would  be  a  good 
plan  to  extend  a  boring  down  a  distance  of  1,000  or  1,200  feet  to  settle 
the  question  for  all  time  to  come.  This  disposition  of  the  question  in 
Nebraska  settles  it  for  a  vast  area  along  the  Missouri  liiver  of  the  finest 
laud  in  the  west. 

A  large  portion  of  Kansas,  Northern  Missouri,  Iowa,  Nebraska,  and 
Dakota  Territory  will  be  found  destitute  of  mineral  fuel.  Mr.  J.  Ster- 
ling Morton  sunk  a  shaft  on  his  farm  near  Nebraska  City,  and  bored 
down  about  100  feet  more,  but  with  no  indications  of  coal.  There  is  a 
seam  of  coal  near  the  river  at  this  place,  which  has  been  wrought  by 
diifting  in  a  distance  of  300  yards,  and  the  seam  was  about  8  inches  in 
thickness,  and  several  thousands  of  bushels  of  coal  have  been  taken 
fix)m  it.  At  Otoe  City,  eight  miles  below  Nebraska  City,  there  is  a  bed 
of  slate  and  coal  about  8  inches  thick,  which  has  been  worked  to  some  ex- 
tent, and  the  coal  used  in  blacksmith  shops.  Again,  at  Brownsville  there 
is  a  seam  of  coal  accompanied  by  some  of  the  plants  peculiar  to  the 
Coal-Measures.  There  is  from  4  to  6  inches  of  coal,  and  the  whole  bed, 
coal  and  slate,  is  about  12  inches  in  thickness.  There  is  also  a  fine 
quarry  of  limestone  at  this  point,  which  is  of  a  very  superior  quality  for 
building  purposes,  but  it  contains  too  much  sand  and  clay  to  make  a 
good  article  of  lime.  There  is  also  a  bed  of  fine-grained,  micaceous 
sandstone,  which  cleaves  naturally  into  excellent  flagstones.  Indeed, 
the  rock  quarries  in  this  county  are  of  great  value  to  the  inhabitants. 
The  materials  for  making  brick  abound  everywhere  in  this  region; 
clays,  sands,  and  marls  are  abundant  and  of  excellent  quality.  At  As- 
pinwall,  in  Nemaha  County,  we  discovered  the  most  favorable  exhibi- 
tion of  coal  yet  observed  in  the  State.  The  general  dip  of  the  beds 
seems  to  be  up  the  Missouri,  or  nearly  north  or  northwest.  It  is  difii- 
cult  to  determine  this  point  with  precision.  The  rocks  at  Aspinwall  are 
all  geologically  at  a  little  lower  horizon  than  the  Nebraska  City  beds,  and 
mostly  beneath  the  Brownsville  beds.    Two  seams  of  coal  are  met  with  at 
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Aspinwall ;  one  crops  out  near  the  river,  about  15  feet  above  the  water, 
24  inches  in  thickness — very  good  quality.  A  few  feet  above  this  seam 
is  a  second  seam — six  inches  of  good  coal.  Some  Eqglish  miners  are 
sinking  a  shaft  here,  with  full  confidence  that  the  thickest  bed  can  be 
made  profitable,  and  I  am  inclined  to  think  that,  with  the  i)resent 
scarcity  of  fuel,  they  will  succeed  well.  Coal  commands  a  ready  sale  at 
from  40  cents  to  80  cents  per  bushel ;  and  even  at  80  cents  a  bushel  coal 
is  cheaper  than  wood.  The  miners  have  already  sunk  the  shaft  about 
40  feet,  have  passed  through  the  6-inch  seam,  and  are  confident  of  soon 
reaching  the  24-inch  bed,  when  the  work  of  drifting  in  various  directions 
will  commence  and  the  coal  be  taken  out  for  market.  The  beds  hold 
such  a  position  here  that,  if  these  miners  are  successful,  this  effort  de- 
termines the  existence  of  a  workable  bed  of  coal  for  Nemaha,  liichard- 
son.  Pawnee,  and  Johnson  Counties,  which  will  be  a  most  important 
matter  for  the  whole  State.  We  have  very  abundant  notes  in  detail, 
and  many  specimens  to  illustrate  the  geology  of  the  river  counties.  I 
am  informed  that  excellent  hydraulic  lime  for  cement  exists  in  Nemaha 
County,  section  9,  township  0,  range  14,  but  I  have  not  been  able  yet  to 
make  a  personal  examination  of  the  locality.  In  both  counties  there 
are  many  indications  of  extensive  peat-beds,  which  must  attract  the  at- 
tention due  them  before  many  years.  Mr.  McPherson,  of  Brownsville, 
informed  me  that  just  twelve  miles  west  of  that  town  he  had  observed 
an  extensive  area,  which  appeared  to  be  a  peat-bog,  into  which  he 
thrust  a  pole  to  the  depth  of  10  or  12  feet.  It  is  not  to  be  supposed 
that  in  this  dry  climate  any  very  extensive  peat-bogs,  like  those  in  New 
England  or  other  portions  of  the  Atlantic  coast,  but  a  bog  with  peat  2 
feet  in  depth  even,  would  be  of  great  value.  The  counties  of  Otoe,  Ne- 
maha,-and  Kichardson  contain  more  timber  than  any  others  in  the  State. 


CHAPTER  III. 

RICHARDSON  AND  PAWNEE  COUNTIES. 

The  two  counties  above  named  are  in  some  respects  the  finest  in  the 
State.  Forming  as  the^'  do  the  southeastern  boundary  of  the  State 
they  are  located  geographically  in*  that  portion  in  which  the  extiTme 
vcold  does  not  have  so  powerful  an  influence.  All  the  fruits  and  cereals 
peculiar  to  northern  temperate  zones  can  be  raised  here  in  perfection. 
Peaches,  i)ears,  apples  and  grapes  do  well ;  while  north  of  the  Platte  it 
is  doubtful  even  yet  whether  the  cultivation  of  fruits  is  an  entire  suc- 
cess. In  the  northern  parts  of  the  State  several  kinds  of  fruits  must  fail 
on  account  of  the  severity  of  the  climate  during  the  winter  months. 

There  is  more  woodland  in  Richardson  County  than  in  any  other  i)or- 
tion  of  the  State,  and  on  this  account  very  littleattention  ha«  been  paid 
to  the  planting  of  trees.  While  there  are  many  excellent  farmers  here 
and  there,  and  the  county  is  quite  thickly  settled,  there  is  not  that  thrift 
that  is  found  in  Nemaha  and  Pawnee  Counties.  The  greater  part  of  the 
land,  however,  has  been  taken  up  by  actual  settlers,  who  are  now  devot 
ing  themselves  to  the  improvement  of  their  farms,  and  to  the  raising  of 
large  crops.  There  is  a  iHjady  market  for  all  kinds  of  produce  at  the 
highest  price.  Although  nearly  all  the  settlers  came  into  the  county 
poor,  many  without  any  money  at  all,  nearly  all  are  becoming  moder- 
ately rich,  and  every  man  with  industry  and  prudence  may  become  in- 
dependent in  a  few  years.    This  country  may  certainly  l^  called  the 
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poor  man's  paradise.  Tbere  is  scarcely  a  foot  of  land  in  the  whole 
county  that  is  not  susceptible  of  cultivation.  1  have  never  known  a 
repon  where  there  is  so  little  waste  land.  The  underlying  rocks  of  the 
whole  county  belong  to  the  age  of  the  Upper  Coal-measures,  and  are 
composed  of  alternate  beds  of  limestones,  sandstones,  and  clays  of 
almost  all  colors,  textures  and  comi)ositions.  There  are  several  locali- 
ties along  the  Missouri  River  and  the  larger  streams  where  there  are 
good  natural  exposures  of  the. rocks,  but  as  a  rule  the  beds  are  con- 
cealed by  the  superficial  covering  of  yellow  marl  or  Loess,  which  gives 
the  beautiful,  undulating  outline  to  the  surface,  the  gentle  slopes,  with 
only  now  and  then  an  exposure  of  the  basis  rocks.  This  aids  in  ren- 
dering the  investigation  of  the  geological  structure  of  the  county  more 
complicated  and  diflBcult.  The  river  counties  present  better  exposures 
of  the  rocks  than  any  other  counties  in  the  State,  and  it  is  partly  on 
this  account  tliat  I  have  given  them  my  first  attention.  Even  these 
exposures  are  by  no  means  good. 

In  my  last  communication  I  spoke  of  the  coal-seam  at  Aspinwall,  Ne- 
maha County ;  that  about  10  feet  above  the  water  level  of  the  Missouri 
a  bed  of  coal  22  to  24  inches  in  thickness  was  observed  cropping  out 
from  the  bluff;  and  a  few  feet  above  this,  in  the  same  range  of  hills,  was 
a  second  seam,  0  inches  in  thickness.  These  beds  do  not  appear  again 
for  considerable  distance  down  the  river,  until  we  come  to  liulo,  except 
at  one  or  two  localities  near  St.  Stephens.  At  Arago  I  saw  no  outcrop- 
pings  of  coal  at  all,  and  could  not  hear  that  any  had  been  observed ;  but 
there  are  some  good  quarries  of  limestone,  beds  of  clay,  sands,  &c.  The 
next  marked  exhibition  of  coal  is  at  Kulo  and  its  neighborhood,  about 
two  miles  above  Rulo,  on  land  belonging  to  Mr.  S.  F.  Nuckolls,  of  Ne- 
braska City.'  At  this  locality  Mr.  N.  has  drifted  into  the  bank  100  feet 
or  more,  and  taken  thence  over  200  bushels  of  coal,  which  has  been  used 
by  blacksmiths  with  success.  The  outerop  was  about  5  inches  in  thick- 
ness, but  increased,  as  the  drift  was  extended  in  the  bank,  to  11  inches, 
and  again  suddenly  diminished  to  1  inch  of  good  coal,  the  remainder 
being  composed  of  impurities,  or  niddy  coal,* as  the  uiiner  called  it.  The 
coal  which  has  been  thus  far  taken  from  this  mine  sells  readily  for  35 
to  40  cents  per  bushel.  The  abrupt  termination  of  the  coal-seam,  or 
"fault,''  is  undoubtedly^  due  to  the  sliding  down  toward  the  river  of  the 
superincumbent  beds — a  phenomenon  which  is  very  common  everywhere 
along  the  Missouri.  Still  the  irregularity  in  the  thickness  of  this  coal- 
seam  is  ever^n^  here  apparent,  vibrating  between  4  and  20  inches,  thus 
alternately  exalting  and  depressing  the  hopes  and  prospects  of  the  miner. 
On  the  farm  belonging  to  Mr.  St.  Louis,  about  one  and  one-fourth  miles 
below  Rulo,  the  same  bed  of  coal  has  been  worked  with  some  success 
by  drifting,  and  a  considerable-quantity  of  coal  taken  out.  Mr.  St.  Louis 
unwisely  sunk  a  shaft  at  a  higher  point  on  the  hill,  thinking  to  cut  the 
coal-seam  at  a  more  favorable  spot,  the  expense  attending  it,  exhausting 
his  means  at  45  feet.  He  sunk  a  drill,  however,  into  the  bed  of  coal 
and  found  it  12  feet  below  the  position  at  the  outcrop,  showing  an 
extensive  inclination  of  the  beds  from  the  river,  or  toward  the  west. 

This  dip  may  be  readily  accounted  for  by  the  extensive  erosion  of  the 
rock  prior  to  the  dei^bsition  of  the  yellow  marl  and  drift  deposits,  which 
erosion  has  given  rise  to  many  perplexing  local  inclinations  of  strata. 
These  local  dips  will  not  interfere  with  the  miner  so  much,  farther  in  the 
interior  of  the  county.  The  thickness  of  the  coal-bed  at  this  locality  is 
10  to  12  inches,  increasing  in  one  instance  to  17  inches.  On  the  Iowa 
reserve,  along  the  Great  Nemaha  River,  the  same  he(\  again  crops  out 
in  the  ravines  or  banks  of  little  streams,  and  has  been  wrought  with 
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some  success,  several  hundred  bushels  of  the  coal  havin;?  hoou  taken 
out  from  time  to  time  for  several  years  past.  The  country  z^\o}^^  the 
]S^emaha  is  quite  rugged,  or  ''rough,"  as  it  is  termed  by  the  settlers, 
owing  to  the  several  beds  of  sandstone,  and  the  overlying  or  cap  rock 
of  the  coal-bed,  which  prevents  the  water  from  forming  gentle  slopes,  as 
in  the  case  of  the  more  yielding  clays  or  marl-beds.  This  bed  of  coal 
is  probably  the  equivalent  of  the  2-foot  bed  seen  at  Aspinwall,  while 
the  upper  6-inch  bed  is  not  exposed  at  all.  The  rocks  in  contact  with 
the  coal  are  as  follows : 

Underlying  the  coal,  a  bed  of  light-gray  fire-clay,  full  of  fragments  of 
plants,  as  fern-leaves,  Neuropterisc  Loschei,  and  N.  hirsuta^  stems  of 
rushes,  calamites,  &c.,  the  samer  as  occur  in  the  underlying  clays  in  Ohio 
and  Illinois  coal-fields.  Above  the  coal  there  is  about  four  feet  of  very 
hard  lapiinated  or  shaly  clay,  varying  from  black  to  dark-ash  color,  ail 
of  which  must  be  removed  with  great  labor  before  the  bed  of  limestone, 
or  cap  rock,  as  it  is  called,  can  afford  suitable  protection  to  the  miner 
as  he  drifts  into  the  bank.  Thus  the  small  amount  of  coal  is  obtained 
with  great  labor,  and  it  is  only  the  great  scarcity  of  fuel  that  will 
warrant  any  labor  being  expended  upon  it  at  all. 

We  passed  over  the  almost  treeless  prairie,  from  Rulo  to  Falls  City, 
the  county  scat,  about  nine  miles  distant.  Some  beds  of  limestone  crop 
out  from  the  hills  occasionally,  but  usually  all  the  basis  rocks  are  con 
cealed  from  view,  and  the  surfiice  is  gently  and  beautifully  undulating. 
The  fertility  of  the  soil  is  everywhere  shown  by  the  luxuriance  of  the 
crops.  Fails  City  is  located  upon  high  ground  overlooking  the  valley 
of  the  Kemaha.  There  is  not  a  native  shrub  or  tree  of  any  size  grow- 
ing within  a  mile  of  the  town.  Although  the  same  coal-bearing  beds 
formed  the  underlying  basis  rocks  about  Falls  City,  yet  not  an  out- 
cropping of  coal  could  be  found  in  the  vicinity.  Some  good  quarries, 
however,  were  examined.  Having  heard  that  a  boring  had  been  made 
at  Hiawatha,  the  county  seat  of  Brown  County,  Kansas,  ten  miles  south 
of  Falls  City,  I  visited  that  place  to  ascertain  the  result.  I  was  in- 
formed that  a  company  had  bored  near  that  place  240  feet  without 
success,  and  that  the  project  had  been  abandoned ;  and  as  the  strata  in 
all  this  region  are  ver^^  nearly  horizontal,  the  same  result  would  follow 
any  attempt  at  boring  at  Falls  City,  to  that  depth  at  least.  About  nine 
miles  southeast  of  Hiawatha  a  bed  of  coal  is  worked  with  considerable 
success,  and  many  hundred  bushels  of  coal  are  taken  out  of  the  mines 
and  sold  annually.  Mr.  Laycock,  a  lawyer  at  Hiawatha,  informed  me 
that  during  the  past  winter  he  used  about  130  bushels  of  coal,  for  which 
he  paid  50  cents  per  bushel ;  .and  he  found  it  cheaper  than  wood,  even 
at  that  price.  He  spoke  highly  of  its  qualities  as  fuel.  I  am  disposed 
to  believe  that  it  is  the  same  bed  seen  along  the  Missouri,  in  Nemaha 
and  Eichardson  Counties,  although  I  did  not  examine  it  in  person. 
Continuing  our  course  westward  to  Salem,  we  observed  no  marked 
change  in  the  country;  indeed,  there  is  a  I'emarkable  uniformity  in  the 
character  of  the  country  over  a  large  area.  The  changes  that  take 
place  are  usually  the  result  of  some  change  in  the  underlying  geological 
formations,  and  are,  therefore,  quite  gradual.  No  outcroppings  of  coal 
could  be  found  at  Salem  or  vicinity,  and  it  is  quite  possible  that  none 
will  be  found  exposed  to  the  surface  in  that  portion  of  the  county, 
except  along  the  Missouri  River.  I  am  convinced,  however,  that  boriiig 
at  a  moderate  depth  at  almost  any  point  would  penetrate  the  thin  bed 
seen  at  Rulo»  The  quarries  of  limestone  for  building  purposes,  &c.,  are 
much  finer  at  Salem  than  at  any  other  point  observed  in  the  county. 
The  town  is  located  upon  an  elevation  on  the  point  of  the  wedge  of 
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land  between  the  two  forks  of  the  Kemaha.  Forming  a  part  of  the 
town  site  is  a  high  hill,  with  two  beds  of  limestone,  both  of  which  form 
hu^ge  quarries,  which  yield  an  abundance  of  stone  for  all  economical 
purposes.  All  along  the  Nemaha  and  its  numerous  branches  are  quite 
well-wooded  tracts  of  land,  which  are  held  at  a  high  price,  though  no 
portion  of  the  country  would  be  called  well  timbered  in  any  of  the  States 
east  of  the  Mississippi. 

Although  there  is  less  wood-land  in  Pawnee  County,  it  is  equally  fer- 
tile with  Kichardson,  and  the  latter  possesses  only  tbe  geographical  ad- 
vantage of  bordering  on  the  great  navigable  river  Missouri.  Its  sur- 
face is  more  rolling  or  undulating,  the  slopes  are  more  gentle,  and  to 
the  eye  it  seems  even  more  desirable  for  farming  purposes.  Both  coun- 
ties aVe  remarkably  well  drained  by  nature ;  so  there  is  scarcely  a  foot 
of  land  in  either  that  is  not  susceptible  of  cultivation.  I  cannot  ascer- 
tain that  one  county  produces  better  crops  than  the  other.  Pawnee 
County  is  remarkably  well  watered.  The  numerous  branches  of  the- 
North  and  South  Nemaha,  circulating  all  over  it,  render  the  land  very 
attractive  to  the  settler  and  speculator,  who  have  already  absorbed 
every  acre  of  it.  Both  counties  are  underlaid  by  rocks  of  the  Upper 
Coal-measures,  which  give  a  very  great  uniformity  of  character  to  their 
surface.  The  rocks  are  composed  of  alternate  beds  of  clays,  sandstones, 
and  limestones,  with  some  thin  beds  of  coal.  At  Salem  the  succession 
of  the  beds  is  about  as  follows : 

10.  Yellowish-gray  soft  limestone,  3  feet. 

9.  Sloi)e. 

8.  Very  compact  white  limestone,  brittle,  about  12  inches  thick,  caps 
the  hills.    . 

7.  Slope,  50  feet. 

C.  A  very  porous,  yellow  limestone,  2  feet. 

5.  A  layer  of  laminated,  impure,  rather  rotten  limestone,  dirty  yellow, 
with  Spirifer  planoconvexus.  S.  KentiickensiSy  Pleuraphorus  occiden- 
talism Hemipronetes  crassuSj  Froductus  semireiiculatus. 

4.  Dark,  laminated,  arenaceous  clay,  mostly  line  sand,  5  feet. 

3.  A  very  irregular  bed  of  laminated  fine  sandstone ;  sometimes  the  bed 
is  2  feet,  gradually  increasing  to  4  feet. 

2.  Dark,  ash-colored,  indurated  clay,  unusually  hard,  5  feet. 

1.  Bluish,  very  hard  clay,  becoming  yellow  on  exposure,  2  feet  above 

water. 
Up  one  of  the  little  branches  of  the  Nemaha,  in  Salem,  I  found  about 
4  feet  thickness  of  black  shale,  oi*  slate,  which  was  not  exposed  at  the 
mill.  The  cap  rock,  above  the  shale,  is  full  of  fossils.  In  the  shale  the 
Linffuldj  probably  L.  Scotica  and  Orhicidoidea^  occur  in  considerable 
quantities.  On  Contnary  Creek  there  is  a  small  exposure  of  the  basis 
rocks  of  this  region  : 

4.  Yellowish  laminated  shale,  with  a  thin  layer  of  deep-yellow,  fine 
clay,  4  feet. 

3.  Blue  indurated  clay,  3  feet. 

2.  Rather  hard  layer  of  limestone,  6  inches ;  Chonetes  granuUfera^  Pro- 
ductus  PrattenanuSj  P.  Nehrasce7isiSj  Spirifer  planoconvearus. 

1.  Yellow  indurated  clay. 

On  Isaac  Trigg's  farm,  seven  miles  west  of  Salem,  I  obtained  some 
fossils  from  a  well.  The  surface  was  about  20  feet  above  the  Nemaha, 
and  dry.  Twenty-five  feet  before  reaching  water,  near  the  bottom  of  the 
well,  is  a  bed  of  shale,  in  which  were  species  of  Myalina  and  Aviculopecten. 

At  Miles's  ranche,  about  20  feet  above  the  bed  of  the  Nemaha,  is  a 
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dark-bluish  layer  of  fine,  argillaceous  limestone,  which  cleaves  easily 
but  makes  good  stone  for  buildings,  about  10  inches  thick.  Above  is  a 
layer  of  yellow  shale*,  then  limestone,  ver^-  brittle,  with  Froductm^ 
Myalina  suhquadrata^  &c.    The  succession  of  the  beds  is  thus  shown : 

8.  Bluish,  close-grained,  argillaceous  limestone. 

7.  Slope. 

6.  Gray  arenaceous  limestone,  fine-grained  fragments  of  organic  remains 

or  shells,  and  fish  teeth,  4  feet. 
5.  Dark,  ash-colored,  laminated,  indurated  clay,  somewhat  variable  in 

character,  30  feet. 
4.  Impure  fibrous  gypsum,  and  fine,  light  gray,  indurated,  slaty  clay,  4 

inches. 

3.  Bluish  indurated  clay  shale,  11  inches. 

2.  Light,  ash-colored  clay  slate,  12  inches. 

1.  Bluish-black  indurated  clay,  G  feet  above  water. 

Bed  6  of  the  above  section  would  yield  most  excellent  building- 
stone,  and  may  be  quarried  out  in  immense  blocks.  All  these  beds  seem 
to  change  their  character  over  short  areas.  This  bed  has  much  the  ap- 
pearance of  one  seen  at  Plattsmouth,  though  the  evidence  is  not  positive. 
The  hills,  for  200  feet  in  height  in  this  region,  have  little  layers  of  lime- 
stone cropping  out.  The  whole  country  along  the  Nemaha  is  much 
broken — more  than  usual — yet  the  fertility  of  the  soil  is  very  great. 
On  Mr.  Wheeler's  farm,  section  31,  township  2,  range  14,  the  basis  rocks 
crop  out  again :  1st,  shale ;  2d,  yellow  clay,  2  feet ;  3d,  impure  limestone, 
intercalated  with  clay,  3  feet;  4th,  blue  clay,  G  feet.  In  the  third  layer 
occur  shales  with  Avictilopecten^  Productus,  tSpirifer  planoconvexitSy  &c. 
The  valley  of  the  Nemaha  seems  nowhere  in  this  region  to  be  destitute 
of  good  building-stone.  As  we  proceed  westward,  even  as  i'ar  as  Salem, 
the  yellow  marl,  which  is  so  conspicuous  a  feature  along  the  Missouri, 
begins  to  grow  thinner,  so  that  in  digging  wells  the  basis  rock  is  soon 
reached.  This  marl  is  somewhat  unequall^^  distributed  over  the  country, 
but  where  it  is  found  it  renders  the  soil  very  productive.  The  bottom 
lands  of  the  Nemaha  are  quite  broad  here,  covered  with  a  luxuriant 
growth  of  grass  yielding  two  or  three  tons  of  hay  to  the  acre.  Water 
is  reached  in  wells,  at  a  depth  of  15  to  25  feet,  without  passing  through 
the  alluvial  soil.  On  Four  mile  Creek,  ten  miles  southwest  of  Salem,  a 
bed  of  rock  crops  out,  which  is  the  same  as  the  upper  bed  at  Salem,  and 
might  be  called  fusulina  limestone.  It  caps  the  hills  on  section  12,  town- 
ship 1,  range  13.  Other  fossils  occur^  as  Avmdopecten^  Spiri/er  piano- 
convexxis^  Fleurophorus  occidentalis,  &c. 

On  Turner's  Branch,  a  small  stream  flowing  into  the  Nemaha,  there  is 
a  seam  of  coal  that  has  been  worked  with  much  labor.  The  principal 
drifts  are  on  school  section,  township  1,  range  12,  one  and  a-half  mile 
northeast  of  Freize's  mills  : 

4.  Massive  yellow  limestone  ;  upper  part  cleaving. 

3.  Dark,  ash-colored  laminated  clay,  with  two  or  three  black  bands,  2  to 
4  inches  thick.  The  whole  mass  is  filled  with  shells — Froductus  Xe- 
hrascemiSy  F,  longi^pinm^  Chonetes  granulifera^  Spiri/er  planoconrexm^ 
Retzia  punctulifera,  Spriferina  KentuckensiSj  Ucmipronites  cra^sus, 
Bryozoay  &c. 

2.  Coal,  4  to  10  inches  thick,  very  variable  in  thickness  and  quality. 

1.  Yellow  plastic  clay,  passing  up  into  a  hard  blue  clay,  upon  ssiiicii  the 
coal  lies  as  if  pressed  down,  20  feet  thick. 

•   No  rocks  below  bed  1  are  seen  in  this  immediate  vicinity.    The  coal 
seemed  to  be  packed  closely  down  on  to  the  clay  beneath,  like  masses  of 
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flat  rock,  as  if  it  had  been  originally  deposited  there  like  a  layer  of  clay 
or  sand.  The  clay  below  is  quite  hard  and  filled  with  fragments  of  feru 
leaves,  stems  of  the  rush-like  calamites,  like  the  clay  underneath  the 
coal  seams  in  Ohio  or  Pennsylvania.  The  under  surface  of  the  coal 
seems  to  be  composed  of  stems,  like  grasses,  as  if  the  vegetable  debris 
began  upon  a  densely  grass-covered  surface.  The  vegetable  impressions 
do  not  go  down  into  the  clay  more  than  an  inch  or  two,  and  above  the 
seam,  where  the  coal  ceases,  all  traces  of  vegetable  matter  disappear, 
and  the  clay  is  charged  with  a  variety  of  molluscous  remains.  The  clay 
above  the  coal  is  very  hard,  and  yields  with  diflBculty  to  the  pick,  and 
the  coal  is  extracted  with  great  labor.  Several  hundred  bushels  have 
been  taken  out  and  sold,  and  the  bank  of  the  creek  reveals  fifteen  or 
twenty  openings  like  that  shown  by  the  illustration.  This  shows  the 
coal  seam  at  the  base,  the  bed  of  indurated  clay  above,  which  is  gen- 
erally 3  to  4  feet  thick,  all  of  which  has  to  be  removed,  and  the  heavy- 
bedded  limestone  forms  an  excellent  cap-rock  above.  At  Frieze's  Mill, 
still  fiuther  on,  this  same  bed  of  coal  is  again  wrought  with  some  success. 

On  Mr.  Boston's  farm,  township  1,  range  12,  section  34,  several  open- 
ings have  been  made;  and  here  the  coal  seam  increases  in  thickness  to 
16  inches.  Mr.  B.  has  taken  out  900  bushels  of  coal  here.  He  finds  a 
ready  market  for  it  at  the  mine  at  30  cents  per  bushel.  This  coal  seam 
averages  a  bushel  of  coal  to  a  square  foot  of  surface.  I  have  collected 
abundant  si)ecimens  of  this  cofil  at  different  localities,  and  they  will  be 
properly  investigated  at  some  future  time. 

This  seam  is  also  w^orked  on  Lee's  Branch  and  on  Miners  Creek,  so 
that  it  is  now  wrought,  more  or  less,  over  an  area  of  ten  miles  square,  at 
least.  The  coal  seems  to  have  been  worked  with  more  system,  industry, 
and  success  than  in  any  other  portion  of  the  State. 

Near  Pawnee  City  there  is  another  small  seam  of  coal  holding  a  higher 
geological  position,  which  has  attracted  some  attention.  I  made.a  care- 
ful examination  of  all  the  localities,  and  found  it  not  more  than  4  inches 
in  thickness  generally.  On  Mr.  Jordan's  farm,  at  the  water-level  of 
Turkey  Creek,  a  branch  of  South  Nemaha,  this  seam  increased  to  8 
inches,  but  is  so  impure  and  full  of  sulphuret  of  iron  as  to  be  quite  unfit 
for  use.  Near  Pawnee  City,  on  a  little  branch  of  Turkey  Creek,  about 
300  yards  south  of  the  cit3'  line,  the  beds  succeed  each  other  as  follows : 

5.  Yellow,  fine-grained  sandstone,  20  feet. 

4.  A  close-grained,  bluish,  ash-colored  argillaceous  limestone. 

3.  Two  to  four  inches  of  coal,  with  large  masses  of  sulphuret  of  iron. 

2.  Plastic  fire-clay,  nearly  white,  passing  down  into  yellow  clay  and 

sand,  12  inches. 
1.  Yellow,  arenaceous  laminated  clay,  mostly  sand,  and  quite  firm  in 

some  parts. 

At  numerous  localities  in  this  county  sections  like  those  that  are 
given  above  might  be  written,  but  as  they  teach  nothing  more  than 
tiiis,  that  the  rocks  all  belong  to  the  Upper  Coal-measures,  and  that  they 
are  very  variable  in  their  character,  it  is  not  worth  while  to  report 
them.  We  learn,  also,  that  the  seams  of  coal,  so  far  as  they  have  been 
opened,  are  very  thin,  and,  although  we  suppose  that  the  seam  on  Turn- 
er's Branch  and  at  Frieze's  Mill  is  the  same  as  the  one  exposed  at  Paw- 
nee City,  the  long  intervals  over  which  the  rocks  are  concealed  by 
superficial  marl  renders  it  impossible  to  trace  all  these  beds  out  in  their 
continuity,  but  as  the  inclination  of  the  strata  seems  to  be  west  or  north- 
west, higher  and  higher  beds  must  be  constantly  making  their  appear- 
ance.    Throughout  this  county  the  uniformity  in  the  si)eciti(5  character 
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of  the  fossils  runniDg  through  all  the  beds  is  auother  obstacle.  If  cer- 
tain species  were  restricted  to  certain  beds  we  could  then  trace  them 
with  more  certainty ;  but  our  hasty  examination  always  reveals  fi-om  any 
one  bed,  or  series  of  beds,  certain  fossils  identical  in  *spe(;ies ;  and  if  at 
any  one  locality  any  si)ecie8  seem  to  be  wanting  that  occur  at  another,  a 
closer  examination  generally  reveals  them  all.  It  is  somewhat  doubtful 
whether  in  the  whole  of  Pawnee  County  a  single  species  of  shell  was  found 
that  is  not  also  found  along  the  blufi's  of  the  Missouri.  In  this  county, 
however,  several  beds  of  limestone  make  their  appearance  on  the  high 
lands  which  have  not  been  seen  east,  showing  the  direction  of  the  dip. 
On  a  piece  of  land  belonging  to  Governor  Butler  there  is  the  best  quarry 
of  limestone  I  have  seen  in  the  county.  The  bed  (toi)S  out  near  the 
edge  of  a  hill  bordering  a  small  stream  about  eight  miles  west  of 
Pawnee  City.  It  is  soft,  cream-colored  rock,  full  of  small  canities,  by 
the  decaying  out  of  a  small  shell.  Fusulina  cylindrical  Spirifer  came- 
tu8  also  occius.  It  is  a  true  fusulina  limestone,  and  is  a  great  favorite 
with  masons  for  building  purposes.  It  is  easily  wrought  into  any  desira- 
ble shape,  is  very  tenacious  in  texture,  and  durable.  It  seems  to  hold  a 
position  about  100  feet  above  the  water  level  of  Turkey  Creek,  and  be- 
longs to  the  age  of  the  "  Permo  Carboniferous,"  or  intermediate  betw^een 
the  Ui)per  Coal-measures  and  the  Permian  series,  the  general  inclination 
of  the  beds  being  toward  the  west  and  northwest.  New  and  more  recent 
beds  are  continually  making  their  appearance  as  we  proceed  toward 
the  west,  and  this  choice  bed  of  limestone  has  made  its  ai)pearance  here 
for  the  first  time.  It  will  doubtless  be  found  to  extend  over  considera- 
ble area  in  a  southeasterly  direction.  There  is  still  another  bed  of  bluish 
limestone  cropping  out  of  the  hills,  which,  though  useful,  is  not  regarded 
with  the  favor  bestowed  on  that  just  mentioned.  It  does  not  dress  as 
nicely,  is  not  as  handsome  for  caps  or  sills.  It  is  ecjually  durable  with 
the  other.  There  are  several  beds  in  the  county  which  are  employed, 
to  a  greater  or  less  extent,  for  various  economical  puri)oses. 

About  three  miles  north  of  Pawnee  City,  about  50  feet  above  a  little 
branch  of  the  North  Nemaha,  is  a  ledge  of  yellowish-gray  limestone  crop- 
ping out  of  the  hills,  filled  with  a  very  large  variety  of  the  Fmnlina.  It  is 
much  used  for  building  purposes.  At  another  locality  in  the  same  region, 
at  about  the  same  level,  is  another  quarry  in  which  the  rocky  layers 
seem  to  be  made  up  of  an  aggregate  of  small  masses,  ai)parently  org^mic 
and  like  Fusnlina,  The  bed  is  4  to  G  feet  in  thickness,  and  although  the 
rock  has  a  loose,  porous  texture,  it  is  very  tenacious,  and  is  very  useful 
to  the  settlers.  This  bed,  though  holding  nearly  the  same  geological 
position  as  that  mentioned  above  as  occurring  on  Governor  Butler's 
farm,  is,  I  think,  underneath,  and  both  belong  to  the  series  designated 
in  this  report  us  Pernio- Carbotiif erotic.  As  we  proceed  farther  west  of 
this  point  we  shall  find  the  beds  more  and  more  recent  and  approaching 
graduiilly  the  character  and  texture  of  the  true  Permian  rocks,  as  shown 
near  Junction  City,  in  Kansas.  Peat-beds  occur  in  various  portions  of 
the  county,  sufficient,  I  think,  to  attract  attention  at  some  future  time. 
Near  Pawnee  City  there  is  a  small  peat-bog,  on  which  one  may  stand 
and  jar  the  ground  for  considerable  distance  around.  I  estimated  the 
peat  here  at  10  or  12  feet  in  thickness.  These  low  wet  places  are  covered 
with  water  a  large  portion  of  the  year,  and  give  rise  to  a  luxuriant  growth 
of  the  large  rushes  and  reed  grasses  of  the  country.  This  vegetable  dies 
down  every  year;  from  its  decay  grows  a  still  more  luxuriant  growth, 
which  furnishes  an  abode  for  the  muskrat,  which  builds  its  conical 
houses.  Water  is  abundant  all  over  the  county.  Scarcely  a  section  of 
laud  can  be  found  in  the  two  eastern  tiers  of  counties  without  a  running 
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Btreain  or  a  flowing  spring.  Water  is  obtained  everywhere,  by  digging, 
at  moderate  deptbs.  Near  the  little  streams  it  is  only  necessary  to  go 
down  a  little  below  the  river  bed  and  the  best  of  water  flows  in  abund- 
antly', and  on  the  high  land  water  is  usually  found  at  a  moderate  depth. 
Nearly  all  the  wells  have  a  continual  supply  from  6  to  10  feet.  In  the 
limestone  region  the  water  is  usually  hard  on  account  of  the  carbonate 
of  lime,  but  it  is  cool  and  clear  as  crystal  and  very  pleasant  to  the  taste. 
I  cannot  well  conceive  of  a  healihier  region  either  for  man  or  beast.  As 
a  grazing  country  Nebraska  presents  unusual  facilities,  and  the  time 
must  come  when  it  will  be  unsurpassed  by  any  State  in  the  Union. 
Having  described  most  of  the  counties  underlaid  by  the  Upper  Carbon 
iferous  rocks,  I  might  say  a  few  words  here  in  regard  to  the  possible 
outline  of  the  surfiice  of  them  prior  to  the  deposition  of  the  yellow  marl. 
We  see,  all  along  the  Missouri  River,  that  this  comparatively  recent 
deposit  attained  there  a  great  thickness,  varying  at  different  localities 
from  50  to  150  feet.  As  we  go  westward  from  the  river  this  deposit 
gradually  grows  thinner  until  it  finally  disappears.  The  question  now 
arises  as  to  the  influence  it  had  on  the  character  of  the  seenerv  of  this 
region.  Even  if  this  yellow  marl  did  not  exist  here,  there  must  have 
been  some  superficial  deposit  of  drift  or  alluvial  to  conceal,  in  part  at 
least,  the  underlying  or  basis  rocks,  and  the  character  of  the  surface 
would  depend  somewhat  on  the  thickness  and  compactness  of  this 
superficial  material.  We  could  safely  infer,  from  the  evidence  we  have 
obtained,  that  prior  to  the  deposition  of  the  yellow  marl  the  outline  of 
the  surface  underlaid  w  ith  the  Upi)er  Coal-measure  rocks  was  exceed- 
ingly rugged.  Sometimes  the  foundation  of  a  house  dug  on  a  high  hill 
will  rest  upon  the  true  limestones;  again,  a  well  dug  will  i)ass  through 
the  clays,  sands,  or  limestones  of  the  basis  formations.  Then,  in  other 
localities,  wells  are  *dug  from  30  to  100  feet  through  the  yellow  marl 
without  ever  reaching  the  bottom  of  the  alluvial  or  drilt  material;  but 
it  is  especially  along  the  bottoms  of  streams  that  the  superficial  deposits 
api)ear  to  be  so  deep.  If  we  can  imagine  the  superficial  materials  entirely 
removed  from  the  county,  the  surface,  as  it  seems  to  me,  would  be  rugged 
in  the  extreme.  The  valleys  of  the  streams  would  be  much  deeper  and 
wider,  and  the  massive  piles  of  limestones  would  stand  around  here  and 
there,  scattered  over  the  surface  like  gigantic  ruins.  Evidences  of  glacial 
action  also  would  be  visible,  as  well  as  striking  examples  of  erosive 
action — numerous  valleys  with  almost  perpendicular  rocky  sides,  high 
conical  hills  capped  with  ledges  of  limestones;  indeed,  so  rugged  would 
be  the  surface  that  it  would  be  quite  nninhabitable.  The  distribution 
over  it  of  the  thick  deposit  of  soft-yielding  marl  has  softened  down  all 
the  slopes,  so  that  not  only  is  nearly  every  foot  of  land  susceptible  of 
cultivation,  but  the  drainage  is  complete.  To  these  causes  are  due  the 
almost  unparalleled  agricultural  resources.  The  source  of  all  this  mate- 
rial may  be  somewhat  difficult  to  determine,  but  in  another  i)ortion  of 
this  report  I  will  bring  together  all  the  information  that  I  can  secure  in 
relation  to  it. 


CHAPTEB    lY. 

GAGE  AND  JEFFERSON  COUNTIES. 


Gage  County. — After  having  examined  Pawnee  County  with  consider- 
able care,  with  the  kind  aid  of  many  excellent  friends,  we  took  a  course 
nearly  southeast  across  the  open,  high  prairie,  passing  over  the  divide 
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between  the  valley  of  the  Nemaha  and  that  of  the  Big  Blue.  Very  few 
exposures  of  rock  were  to  be  seen,  the  surface  is  rolling,  covered  with  a 
luxuriant  growth  of  grass  that  would  yield  two  or  three  tons  to  the 
acre.  Here  I  saw  the  first  long  stretch  of  treeless,  waterless  prairie, 
reminding  one  somewhat  of  the  prairies  farther  west.  There  was  no 
living  water,  and  not  a  house  along  the  road  for  several  miles.  The  soil, 
however,  is  extremely'  rich,  a  thick  deposit  of  yellow  marl  covering  the 
whole  surface.  The  compass  plant,  Sllphium  laciniatum^  is  still  seen  in 
great  abundance  on  highland  and  lowland,  attesting  by  its  presence  the 
fertility  of  the  soil.  About  seven  miles  northeast  of  the  Otoe  reserva- 
tion we  see  the  first  outcrop  of  limestone  from  the  hills,  forming  a  sort 
of  terrace  about  50  feet  above  the  beds  of  the  streams.  The  gentle 
slopes  and  the  entire  absence  of  outcrops  of  rock  over  so  long  a  distance 
from  Pawnee  City,  are  doubtless  due  to  beds  of  soft  yielding  clay  and 
sand  prevjiiling,  which  readily  yield  to  atmospheric  agencies;  while 
the  beds  of  limestone,  yielding  less  readily,  form  a  sort  of  cap  or  floor 
protecting  the  softer  beds  below.  This  boiler  rock  always  gives  to  the 
surface  a  more  abruptly  rugged  character,  the  little  branches  have  8teei)er 
banks,  and  there  is  greater  variety  to  the  scenery.  At  the  Otoe  agemy 
this  same  bed  of  limestone  is  again  exposed.  It  is  quite  cherty,  break- 
ing into  small  fragments.  There  are  one  or  two  layers,  6  to  12  inches 
in  thickness,  that  would  furnish  good  materials  for  building  purposes. 
The  following  section  was  obtained  at  severjil  localities  within  two  miles 
of  the  agpucy  buildings,  and  gives  a  fair  view  of  the  succession  of  the 
beds  on  the  Indian  reservation : 

7.  Superficial  deposits  of  soil  and  yellow  marl. 

C.  Yellowish-white  limestone,  rather  soft,  yielding  readily  to  atmospheric 

influences,  2  feet. 
5.  Slope  same  as  No.  3,  below. 

4.  Yellow,  fine-grained,  arenaceous  limestone,  18  inches. 
3.  Slope  supposed  to  be  laminated  clay,  but  covered  with  grass,  20  feet. 
2.  Yellow  and  gray  limestone  filled  with  seams  and  nodules  of  schist  or 

flint.    A  large  species  of  Orbiculoidea  occurs  here. 
1.  Bluish-gray,  laminated,  calcareous  clay,  with  numerous  fragments  of 

fossils,   crinoids,  corals — Froductus  semi-ret IculatuSj  Meekella  striuto- 

coHtataj  &c.,  30  feet  above  water's  edge. 

The  Otoe  reserve  is  located  on  the  Big  Blue  Eiver,  mostly  in  the  south- 
ern portion  of  Gage  County,  but  extending  into  Jeft'erson  County.  It 
occupies  a  surface  10  by  2i  square  miles  =  lo3,G00  acres  of  the  finest 
land  in  Southern  Nebraska.  The  Big  Blue,  one  of  the  most  beautiful 
of  the  inland  streams,  with  several  of  its  most  im])ortant  branches, 
passes  through  it.  Like  all  other  portions  of  the  State,  there  is  com- 
IMratively  little  timber,  yet  as  much  as  on  other  streams.  Some  of  the 
branches  have  the  most  desirable  farms  bordering  on  them.  The  Otoe 
Indians  occupy  a  small  village  bordering  on  the  Blue  and  are  not  dis- 
tributed over  the  reserve.  The  land  is  not  divided  out  to  them,  but 
they  are  all  aggregated  together  in  a  village  of  mud  huts.  They  seem 
to  have  no  idea  of  individual  independence,  but  have  all  things  in  com- 
mon, as  it  were.  The  bed  of  cherty  limestone  extends  beyond  Blue 
Spring  and  forms  the  same  bluti*like  bench  along  all  the  streams ;  it 
then  passes  beneath  the  water  level  of  the  Blue.  Near  Blue  Spring  this 
bed  presents  much  the  appearance  of  nmson-work,  the  cherty  material 
forming  the  cement  between  the  blocks  of  limestone.  These  bluflfe  are 
about  10  or  15  feet  high,  and  as  they  are  cut  through  by  the  myriads  of 
little  streams  pouring  down  from  the  hills,  they  i^resent  a  rather  rugged 
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appearance.  A  few  fossils  were  obtaiued  here,  as  Athyris  suhtilita^ 
Hemipronetes  crassm^  Syntrilasma  hcmipUcata,,  with  bryozoa  and  cri- 
noidal  remains.  Near  the  ford  at  Blue  Spring  there  is  an  excellent 
mill  site,  and  the  settlers  here  have  qnarried  the  rock  down  to  the 
water's  edge,  for  the  i)urpose  of  building  a  dam  and  laying  the  founda- 
tions of  a  mill.  The  successiou  of  the  beds  here  is  as  follows.  All  of 
them  are  below  the  cherty  bed  spoken  of: 

3.  About  10  inches  soil,  8  feet  yellow  marl,  2  feet  worn  pebbles  and 

sand.    Roots  of  trees  pass  all  through  this  bed  into  the  joints  of  the 

limestone. 
2.  Layers  of  cherty  nodules,  variable  in  thickness,  with  intercalations 

of  fine  gray  saud,  2  to  2J  feet,  Producttis  semireticulatuSj  Hemiproneten 

cras»us, 
1.  Bluish,  ash-colored  argillaceous  limestone,  easily  decomposing  in 

water,  but  hardening  on  exposure. 

This  bed  is  made  up  of  layers  varying  from  a  few  inches  to  two  feet 
in  thickness,  separated  by  thin  layers  of  clay.  It  makes  quite  good 
building-stone — ProductuSj  Pinna peracuta^  Orhiculoidea^  Myalina  stihqua- 
drata.  Underneath  the  argillaceous  limestone  there  is  a  bed,  about  a 
foot  above  water's  edge,  of  ash-colored  clay,  breaking  into  small  angular 
fragments,  containing  in  it  irregular  seams  of  agillaceons  limestone. 
Beds  similar  to  these  are  seen  on  the  Nemaha,  but  it  is  impossible  to  say 
that  they  are  identical.  It  is  probable  that  they  are  not,  but  simply  a  por- 
tion of  the  series  coming  to  view  continually  as  we  proceed  eastward. 
On  the  west  side  of  the  Blue  River  the  slopes  are  all  very  gentle,  the 
ascent  being  very  gradual  as  fur  back  as  the  eye  can  reach.  There  is 
no  sign  of  the  cherty  bed  which  causes  the  blufts  and  terrace  on  the  east 
side.  The  bottoms  are  everywhere  very  rich  and  black,  but  the  hills 
are  covered  with  a  heavy  deposit  of  yellow  marl,  so  deep  yellow  that  I 
suspect  it  to  be  composed  mostly  of  the  eroded  materials  of  the  Creta- 
ceous and  White  River  Tertiary  formations.  On  the  bottom  of  the 
Blue  Mr.  Tylor  dug  a  well  25  feet  deep,  reaching  water  near  the  level 
of  the  bottom  of  the  river.  At  the  Blue  Spring  Village  a  well  was  dug 
on  high  ground  55  feet  deep,  through  clays  and  quicksands,  without 
reaching  the  ba«is  rocks.  At  a  depth  of  54  feet  a  large  bone  was  found, 
which  i)robably  belonged  to  the  mastodon.  The  water  came  in  in  great 
quantities,  and  is  of  the  finest  quality.  On  John  Hagen's  farm  a  well 
was  dug  44^  feet  through  alluvial  marl  and  gravel.  The  water  rushed 
in  with  great  power,  and  is  now  8  feet  deep.  The  wells  show  the  depth 
of  the  superficial  deposits,  and  we  are  enabled  tcr  ascertain  to  some 
extent  their  influence  on  the  county.  We  know  that  in  the  valley  of 
the  Big  Blue  the  soil  is  inexbaustible,  and  that  the  water  is  of  the  best 
quality,  and  abundant  everywhere.  About  five  miles  west  of  Blue 
Spring,  on  the  road  to  Beatrice,  there  are  layers  of  yellow  limestone, 
that  are  used  for  building  purposes.  Two  miles  farther  there  is  a  bed 
of  yellow  magnesia  limestone,  with  Aviculopectertj  Syntrilasma  hemipli- 
cata.  The  rock  is  15  to  20  feet  thick,  arranged  in  layers  G  inches  to  2 
feet  in  thickness,  and  is  full  of  geode-like  cavities,  with  the  same  white 
crj'stalline  lining  "calc-spar"  inside  as  seen  at  Blue  Spring.  Beatrice, 
the  county  seat  of  Gage  County,  is  very  pleasantly  located  on  the  Big 
Blue,  with  many  natural  advantages  for  becoming  a  prosperous  town. 
The  inhabitants  are  energetic  and  thriving;  the  land  is  fertile,  and  an 
abundance  of  excellent  building  material  exists  everywhere;  the  water 
is  pure  and  abundant,  and  the  climate  is  very  healthy.    On  a  little 


28  UNITED   STATES   GEOLOGICAL   SURVEY    OF 

braiicli  of  the^  Big  Blue  there  is  an  expo^ire  of  the  rocks  favorable  for  a 
section. 

G.  Dark-brown  ferruginous  sandstones  of  variable  color  and  texture ; 

used  for  buildings ;  contains  many  deciduous  leaves ;  50  to  HO  feet. 
5.  Yellowish-gray  sandstone  ;  soft,  easily  crumbling,  and  wearing  away 

exposed;  on  Blakely's  Run,  two  miles  west  of  Beatrice;  30  to 50  feet. 
4.  Slope  in  most  places,  but  composed  of  variegated  clays  of  doubtful 

age ;  potter's  clay ;  40  to  50  feet. 
3.  Loose  layers  of  yellow  limestone,  full  of  geode  cavities;   porous, 

spongy.     Si/ntrilasma  hemiplicaia^  Pinna  peracuta. 
2.  Yellow,  rather  compact  limestone ;  goocl  for  building  purposes ;  2  to 

2J  feet. 
1.  Dark-gi^y  argillaceous  limestone,  becoming  light  gray  on  exposure, 

tilled  with  geodes,  with  cavities  full  of  crystals  of  carbonate  of  lime. 

This  bed  is  at  times  massive,  heavy-bedded  limestone,  of  a  beautiful 

(!ream-color ;  10  feet. 

Beds  1,  2,  and  3  of  the  above  section  are  undoubtedly  of  Permian  or 
Permo-Carbouiferous  age,  though  they  contain  fossils  common  to  both 
Permian  and  Carboniferous  rocks. 

Bed  4  is  of  doubtful  age.  Beds  5  and  6  are  exceedingly  interesting 
in  a  geological  point  of  view,  from  the  fact  that  they  represent  a  new 
geological  formation  not  before  seen  east  of  this  point. 

Bed  4  seems  to  form  a  sort  of  transition  bed  between  the  Permian*  and 
Carboniferous  formations.  The  Permian  rocks  pass  beneath  the  water 
level  at  Beatrice,  westward,  and  over  a  belt  ten  to  fifteen  miles  wide,  in 
a  northeast  and  southwest  direction,  t\\^  brown  sandstones  prevail  to  the 
exclusion  of  all  other  rocks. 

1  slnmld  think  that  the  Cretaceous  sandstone  in  this  region  was  30  to 
50  feet  thick,  though  from  the  sliding  down  of  the  rocks  it  was  impossi- 
ble to  tell  with  accuracy.  The  sandstone  is  very  variable  ;  sometimes 
coarse,  friable,  dark-rust  color;  sometimes  in  flat  masses,  with  the  ap- 
pearance of  pot  metal ;  then  a  laminated  sandstone.  Underneath  the 
rusty  sandstone  is  a  friable  bed  which  will  aftbrd  an  abundance  of  good 
coarse  sand.  When  unmixed  with  the  drift  gravel  this  sand  is  pure  and 
beautiful.  In  the  sandstone  are  many  imi)ressions  of  dicotyledonous 
leaves.  I  did  not  see  the  sandstone  at  all  on  the  east  side  of  the  Platte, 
but  on  the  west  side  it  crops  out  of  the  high,  thin-soiled  hills.  In  the 
deep  ravines  the  abrupt  cliffs  of  limestone  are  seen.  Between  the  rusty 
sandstone  and  the  limestone  there  is  a  considerable  thickness  of  fine 
sands  and  clays,  which  everywhere  wear  down  in  gentle  grassy  slopes, 
concealing  the  junction  of  the  two  formations.  Therefore  I  was  not  able 
to  find  them  in  apposition. 

The  west  side  of  ih^  Big  Blue  is  a  little  hilly,  but  the  east  side, 
between  Indian  Creek  and  the  Blue,  is  very  level  and  gently  rolling,  as 
if  the  underlying  rock  was  of  a  soft  material,  and  had  been  worn  down 
over  a  large  surface  nearly  alike.  Gage  County,  so  far  as  I  have  seen 
it,  begins  to  reveal  some  of  the  indications  that  show  we  are  on  the 
borders  of  the  dry  western  belt.  The  long  intervals  without  living 
water,  the  i)ecidiar  flowering  plants,  and  sonic  of  the  prairie  grasses, 
and  the  absence  of  trees,  even  the  small  shnibs,  show  that  we  are  verg- 
ing on  the  dry  prairie.  The  Schrankea  unchiata,  sensitive  plant,  is 
seen  here  for  the  first  time. 

The  soil  of  Gage  County  does  not  equal  that  of  Pawnee  County,  or 

*  It  is  not  certain  that  tho  true  Perniian  bods,  an  ri'cojriiizcHl  in  KauHas,  extt'iid  north- 
ward into  Nebraska,  thongh  thin  beds  may  occur  in  some  of  the  southern  counties. 
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the  counties  along  the  Missouri,  as  a  whole.  The  bottom-lands  are 
excellent,  but  the  upland  soil  is  thin.  The  grass  is  less  luxuriant,  and 
the  timber  along  the  streams  less  abundant.  For  wheat,  however,  this 
soil,  composed  a«  it  is  largely  of  the  eroded  materials  of  the  Cretaceous 
sandstones,  contains  a  large  amount  of  silica,  and  seems  to  be  most 
favorable.  A  bushel  weighs  more  than  that  of  the  river  counties,  but 
the  corn  and  other  kinds  of  grain  are  not  quite  so  good.  Yet  too  much 
cannot  be  said  in  favor  of  Gage  County  as  an  agricultural  and  grazing 
region.  No  coal  will  ever  be  found  there,  and  the  sooner  the  farmers 
commence  planting  trees  the  more  prosperous  they  will  be.  Compara- 
tively little  peat  will  be  found  in  the  county,  so  that  the  question  of 
fuel  must  be  determined  by  the  intelligence  and  industry  of  the  people. 
If  they  plant  trees  now,  they  cannot  suffer  for  fuel,  for  before  that  which 
they  now  have  is  gone,  the  planted  forests  will  be  ready  for  use.  In 
regard  to  fruits,  garden  vegetables,  &c.,  the  same  may  be  said  of  Gage 
County  as  of  the  other  counties  before  described.  Success  will  attend 
all  well-directed  efforts  that  waj.  The  excellence  of  the  water  in  springs 
and  wells  in  this  county  is  a  most  important  feature,  in  a  sanitary  point 
of  view. 

There  are  no  minerals  that  can  be  worked  to  advantage  in  this  portion 
of  the  State.  In  the  Cretaceous  rocks  there  are  large  masses  of  Umonite, 
(hydrated  sesquioxide  of  iron,)  but  they  are  so  full  of  siliceous  matter 
that  they  can  never  be  of  much  value.  Even  if  there  was  an  abund- 
ance of  iron  in  this  county  there  is  no  fuel  to  prepare  it  for  use. 

Jefferson  County. — From  Beatrice  to  Rock  Creek,  a  distance  of  twenty- 
two  miles,  we  passed  over  an  open  prairie  without  wood  or  water.  In- 
deed, as  we  go  westward  there  are  whole  townships  of  land  without  a 
tree  or  a  particle  of  running  water.  The  grass  is  good,  and  though  the 
soil  is  thin  on  the  high  hills,  the  lower  slopes  and  bottoms  are  as  fertile 
as  ever.  Wheat,  oats,  corn,  and  all  the  cereals  grow  well.  Water  can 
be  obtained  at  moderate  depths,  for  the  drainage  is  not  good.  There 
ai*e  miles  of  level  surface  without  a  ravine  or  channel  to  receive  the 
water,  and  therefore  it  must  quietly  sink  through  the  superficial  beds  to 
some  reservoir  of  clay.  It  is  plain  that  a  little  above  Beatrice,  on  the  Big 
Blue,  ]So.  1  Cretaceous  comes  down  to  the  water  level  by  a  rapid  dip,  and 
that  the  Permian  and  Carboniferous,  beds  cease  to  appear  in  their  west- 
ward extension. 

On  Rock  Creek,  a  ^mall  branch  of  the  Little  Blue  River,  we  find  the 
rusty  sandstones  of  the  Dakota  Group  largely  developed,  and  the  readi- 
ness with  which  they  yield  to  the  erosive  action  of  water  has  given  to 
all  the  ravines  of  the  Little  Blue  a  very  rugged  appearance.  The  rocks 
also  are  so  porous  that  the  water  readily  permeates  them,  so  that  there 
is  comparatively  little  in  the  ravines  a  large  portion  of  the  year.  Still, 
in  the  valley  of  the  Little  Blue  there  are  some  as  fine  springs  as  are  to 
be  found  in  the  State,  but  they  are  somewhat  rare.  A  section  in  descend- 
ing order  along  the  Little  Blue,  below  the  Big  Sandy,  would  be  as  fol- 
lows : 

5.  Yellow  and  dark-brown  rust-colored  sandstones  of  the  Cretaceous  or 
Dakota  Group,  so  well  known  in  many  other  portions  of  the  West.  A 
few  dicotyledonous  leaves  were  found.  This  bed  is  of  irregular  thick- 
ness; from  50  to  100  feet. 

4.  Moderately-coarse,  yellowish-white  sand,  with  irregular  laminae  of 
deposition ;  50  feet. 

3.  Dark-colored,  arenaceous,  laminated  clays,  with  particles  and  seams 
of  carbonaceous  matter.    All  through  are  beds  of  carbonaceoxx^  c\?i^.j 
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18  iDclies  to  3  feet  thick;  much  sulphuret  of  iron  and  silicified  wood; 
30  to  50  feet. 

2.  Variegated  arenaceous  clays ;  the  slopes  exposed  are  so  grent  that  I 
cannot  giv  e  the  exact  thickness ;  probably  50  to  70  feet ;  some  seams 

,  of  excellent  potter's  clay. 

1.  Dark  bluish  shaly  clay,  upon  which  the  foundation  of  Mr.  Jenkins's 
mill  rests.  It  is  undoubtedly  Permian  or  Permo-Carboniferous,  but  is 
not  exposed  to  view  by  natural  excavations  until  we  reach  a  poiut 
south  of  the  Nebraska  line  near  Marysville,  Kansas. 

Beds  3  and  2  of  the  above  section  are  seen  at  Mr.  Jenkins's  mill.  Bed 
2  is  also  shown,  two  miles  above,  along  the  bottom  hills  of  the  Little 
Blue.  The  variegated  clays  come  under  the  white,  incoherent  sandstone. 
The  dark  band  in  bed  No.  3  has  been  regarded  by  the  settlers  with  a 
good  deal  of  interest,  as  indicating  the  proximity  of  a  workable  bed  of 
coal.  I  gave  all  the  exposures  a  careful  examination  and  found  them  of 
no  possible  value.  At  Jenkins's  Mill  there  is  a  very  fine  spring  of  pure 
water  flowing  out  just  under  the  sandstone.  The  water,  as  it  percolates 
readily  through  the  porous  sandstone,  reveals  the  hard  clay  bed  and  re- 
mains upon  this  almost  impermeable  surface.  I  am  convinced  that  the 
black  hard  shales  upon  w^hich  the  mill  rests  belong  to  the  Permian,  and 
that  the  variegated  sands  and  clays  are  intermediate  between  the  sand- 
stone and  the  true  Permian.  The  excavations  are  going  on  nOw  below 
the  bed  of  the  river,  and  Mr.  Jenkins  informs  me  that  the  shale  becomes 
harder  as  he  proceeds  downward.  The  Kansas  line  is  only  about  one 
and  one-half  miles  below  this  mill,  and  about  two  miles  below  on  the 
Blue,  the  yellow  limestones  appear.  Not  more  than  fifty  or  sixty  miles 
south  of  this  point,  at  Junction  City,  Kansas,  the  Permian  rocks  are  well 
shown,  and  we  would  reasonably  expect  they  would  extend  northward 
into  Nebraska  in  the  valley  of  the  Little  Blue.  On  Eock  Creek  there  is 
not  water  enough  in  wells  a  portion  of  the  year  for  culinary  purposes, 
and  wells  have  been  dug  in  that  neighborhood  sixty  feet  in  depth  with- 
out reaching  any  water.  In  the  intermediate  variegated  sand  and  clay 
beds,  which  I  regard  as  belonging  to  the  Dakota  Group,  just  below"  the 
mill,  is  a  locality  where  there  is  a  band  of  laminated  clay  and  sand,  with 
seams  of  coaly  matter,  petrified  wood,  sulphuret  of  iron,  selenite,  &c. 
The  whole  bed  looks  much  like  an  ash -heap.  There  are  many  fragments 
of  wood,  much  of  it  as  light  as  diy  wood ;  others  seem  to  be  simply 
charred.  This  bed  is  also  full  of  bits  of  arenaceous  rock,  thin  layers  of 
rust-colored,  fine-grained  argillaceous  concretions,  full  of  oxide  of  iron, 
all  of  w  hich  give  to  the  bed  a  singularly  sterile  or  barren  appearance. 
On  the  west  side  of  the  Little  Blue,  on  the  high  hills,  there  is  an  exten- 
sive quarry  of  the  gray  sandstone  in  the  form  of  broad,  flat  masses,  which 
will  work  into  good  building-stone.  In  the  absence  of  better  stone,  this 
becomes  very  useful  to  the  settlers.  On  Rose  Creek,  just  above  its 
entrance  into  the  Little  Blue,  the  variegated  bed,  wood  and  pyrites  bed, 
and  the  incoherent  sand  bed^  all  come  together.  On  Coal  Creek,  a  little 
branch  of  Rose  Creek,  there  is  a  perpendicular  blutt'  showing  the  follow- 
ing succession  of  beds: 

4.  Fine  loose  sand,  varying  in  color  from  white  to  a  dark  rusty  red.  In 
this  bed  are  some  thin  layers  of  harder  rock,  30  feet. 

3.  Black  carbonaceous  clay  filled  with  bits  of  charcoal,  clay,  &c.,  18 
inches,  and  passing  up  into  2  to  4  inches  of  yellow  clay  mixed  with 
bits  of  coal. 

2.  White  fine  clay,  2  feet. 
1.  Variegated  clay,  20  feet. 


NEBRASK.V   AND   PORTIONS   OF   ADJACENT   TERRITORIES.        31 

Bed  4  is  very  irreinilar  in  its  coraposition ;  sometimes  there  are  3  or  4 
feet  in  thickness  of  very  fine,  whitiah,  slightly-arenaceous  clay,  with 
waved  lamiuae  and  sesquioxide  of  iron ;  then  again  the  sand-bed  is 
almost  pure  white  sand.  Just  above  bed  3,  in  the  section,  there  is  a 
thin  layer,  one-fourth  to  one  inch  thick,  which  has  the  appearance  of 
having  been  baked  from  below,  caused  by  the  ignition  of  the  lignite 
beneath.  On  the  way  up  to  the  Big  Stindy,  for  twelve  miles  or  more, 
these  clays  and  sands  are  seen  occasionally  with  the  red  rocks.  On  the 
snmmits  of  the  hills,  but  above  the  mouth  of  llock  Creek,  the  hills  are 
not  rugged,  and  the  sandstone  does  not  form  any  bold  cliff's.  About  two 
miles  below  the  mouth  of  the  Big  Sandy,  No.  3  is  seen  on  the  summits 
of  the  bills,  not  in  ledges,  but  in  outcrops  of  loose  slabs  of  limestone. 
These  slabs  or  large  flat  masses  are  really  only  an  aggiegate  of  the 
shells  of  Inoceramus  prohlematicus.  South  of  this  point  there  is  no 
limestone  to  be  found  in  the  State  along  the  valley  of  the  Little 
Blue,  and,  therefore,  it  becomes  a  matter  of  some  importance ;  it  is 
much  used  for  lime  by  the  settlers.  As  we  proceed  up  the  valley 
of  the  Little  Blue,  the  bottoms  become  more  sandy  and  gravelly,  and 
the  vegetation  of  both  lowland  and  highland  exhibits  a  marked  change. 
The  basis  of  the  alluvial  material  is  the  eroded  materials  of  No.  1. 
In  the  hills  are  some  naked  patches  of  flesh-colored  marl,  and  over  the 
surface  are  scattered  very  thickly,  water-worn  pebbles  and  some  quite 
Large  quartzite  gi^anitic  boulders.  The  entire  features  of  the  country 
exhibit  a  distinct  approach  to  the  arid  belt.  Tbat  we  are  verging  upon 
it  there  is  not  a  doubt.  Yet  a  finer  coilutrv  for  stock  cannot  be  found 
in  the  world.  Horses,  cattle,  and  sheep  would  thiive  on  the  short 
nutritious  grasses.  The  numerous  broken  masses  of  rock  and  the  drift 
pebbles  among  the  hills  would  be  favorable  for  the  sheep.  For  good 
farms  a  suitable  quantity  of  good  level  land  can  be  found,  but  the  suc- 
cessful farmer  must  combine  stock  raising  with  agriculture.  Wheat 
arrows  here  in  great  perfection,  while  oats,  corn,  and  all  kinds  of  garden 
vegetables  do  well.  At  the  entrance  of  the  Big  Sandy  there  is  a  very 
wide  bottom,  at  least  three  miles  long  and  one  mile  wide,  with  soil  from 
6  to  10  inches  deep.  The  Big  Sandy  is  almost  twelve  yards  wide  where 
it  enters  the  Little  Blue,  and  is  a  stream  of  fine  clear  water.  As  we  go 
westward  from  this  point  the  limestones  of  No.  3  take  possession  of  the 
country.  On  the  high  hills  the  limestones  of  No.  3  crop  out  in  great 
abundance,  and  they  everywhere  seem  to  be  mostly  made  up  of 
Inoceramns,  Lower  is  a  bed  of  laminated  shale  which  seems  to  pass  grad- 
ually down  into  Cretaceous  No.  2,  though  the  line  of  demarcation  between 
No.  3  and  No.  2  cannot  be  seen.  It  is  only  the  upper  portion  that  so 
strongly  resembles  No.  3,  as  seen  on  the  Ui)per  Missouri.  Below  it  is  a 
gray  shale,  with  some  sand  between  the  thin  sheets  of  clay  or  limestone, 
but  the  Iriocerarnm  prohlematicus^  which  everywhere  testifies  to  the 
presence  of  No.  3,  is  seen  either  entire  or  in  fragments  on  the  bluffs 
around.  At  one  locality  about  three  miles  above  the  mouth  of  Big 
Sandy,  on  the  Little  Blue,  section  20,  township  3,  range  1,  west,  there  i^ 
an  exposure  of  the  shale  40  to  50  feet  high,  showing  the  slaty  character 
perfectly,  with  slabs  containing  the  Inoceramus.  There  are  also  seams 
of  gj'psum,  colored  with  the  oxide  of  iron,  and  crystals  of  the  carbon- 
ate of  lime.  The  saw-mill  near  this  point  rests  upon  a  conglomerate 
which  i)recisely  resembles  portions  of  No.  2,  as  shown  along  the  Missouii, 
and  in  these  conglomerate  masses  here,  there  are  traces  of  Inoceramus 
and  fragments  of  wood  in  great  abundance. 

One  important  feature  in  the  valley  of  the  Little  Blue,  are  the  terraces, 
which  are  quite  marked  north  of  the  Nebraska  line.    There  \s  Te*a\\^  \i\\X 
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one,  though  sometimes  there  is  a  low  one  just  above  the  immediate  bed 
of  the  river,  but  the  principal  terrace  is  25  to  50  feet  above  the  water 
level.  From  that  terrace  the  ascent  is  gradual  to  the  summit  of  the 
high  lands. 

Leaving  the  valley  of  the  Little  Blue  we  took  a  course  nearly  north- 
east over  the  divide  between  Big  Sandy  and  Swan  Creek,  a  distance  of 
about  twenty  miles,  most  of  the  way  without  water  or  wood.  The  soil 
is  fertile  and  the  surface  is  covered  with  a  thick  growth  of  grass.  The 
valley  of  Swan  Creek,  a  branch  of  Turkey  Creek,  which  is  a  branch  of 
the  Big  Blue,  is  a  beautiful  fertile  one,  with  a  large  number  of  most  pro- 
ductive farms.  This  region  is  settled  with  a  large  number  of  thrifty 
Germans,  who  are  cultivating  the  land  very  successfully.  But  very  little 
stone  of  any  kind  is  seen  in  place  in  this  valley.  Yet  the  limestones  of 
No.  3  furnish  the  materials  for  the  foundations  of  buildings.  The  eroded 
materials  of  the  limestones  of  No.  3  mfxing  with  the  sands  of  No.  1  make 
a  most  excellent  soil.  There  is  no  rough  land  in  this  region ;  the  bottoms 
are  broad  and  the  ascents  on  either  side  are  very  gradual,  so  that  the 
hills  bordering  on  the  creek  seem  quite  inconspicuous.  The  bottoms 
of  Swan  Creek  will  average  three  miles  in  length.  All  the  basis  rocks 
on  the  high  lands  are  concealed  from  view  by  a  large  deposit  of  alluvial, 
which  is  composed  of  eroded  materials  from  the  basis  rocks,  with  some 
water- worn  pebbles;  but  strewed  over  the  siufacein  many  places  are 
moderately -large  blocks  of  quartzite,  evidently  deposited  there  at  a  com- 
paratively modern  period.  Many  of  the  hills  are  paved  with  pebbles  as 
if  they  had  formed  the  bottoms  of  small  streams.  The  junction  of  Swan 
and  Turkey  Creeks  with  the  Little  Blue,  being  near  each  other,  makes 
a  broad  valley  which  is  now  a  fine  farming  region.  Near  this  point 
there  are  the  remains  of  an  old  Indian  village.  Fragments  of  pottery  have 
been  dug  up  three  feet  beneath  the  surface.  1  notice  everywhere  in  tbe 
ploughed  land  that  small  pebbles  are  mixed  with  the  soil,  which  is  not 
the  case  in  the  two  tiers  of  counties  next  to  the  Missouri  Biver. 

As  I  shall  hereafter  have  occasion  to  refer  often  to  the  divisions  of 
the  Cretaceous  group  throughout  this  report,  they  will  be  better  under- 
stood if  defined  more  clearly  in  this  connection.  The  Cretaceous  rocks, 
as  developed  along  the  Missouri  River,  exhibit  live  quite  well-marked 
divisions,  which  are  characterized  by  peculiar  fossils  lor  the  most  part. 

In  a  paper  published  in  the  proceedings  of  the  Academy  of  Natural 
Sciences  of  Philadeli)hia,  December,  18G0,  was  given  a  general  section 
of  the  Cretaceous  rocks  of  the  Northwest ;  long  iirior  to  that  time  Pro- 
fessor Hall  and  Mr.  Meek  had  published  the  divisions  by  the  numbers 
1,  2, 3,  4, 5,  but  afterward  Mr.  Meek  and  the  writer  gave  to  them  special 
geographical  names.  The  sandstones  which  we  liave  referred  to  in  this 
report  we  denominated  the  Dakota  Group  or  Formation  No.  1,  because 
these  rocks  were  then  supposed  to  reach  their  largest  development  along 
the  Missouri  River,  near  Dakota  Territory.  Formation  No.  2  was  called 
the  Fort  Benton  Group,  from  the  fact  that  it  occurred  in  greatest  thick- 
ness around  Fort  Benton,  near  the  sources  of  the  Missouri  River.  For- 
mation No.  3  was  named  the  Niobrara  Division,  from  the  conspicuous 
thickness  of  the  bed  near  the  mouth  of  the  Niobrara  River.  These 
divisions  constitute  the  lower  series  of  Cretaceous  rocks  in  the  West, 
and  are  supposed  to  be  the  equivalent  of  the  lower  or  gray  chalk 
and  upper  greensand,  by  geologists.  Formation  No.  4  we  called  the 
Fort  Pierre  Group,  because  it  reaches  its  greatest  thickness  near  this 
point  along  the  Missouri  River.  Formation  No.  5  was  called  the  Fox 
Hills  Beds,  from  the  fact  that  they  form  a  conspicuous  range  of  hills 
between  the  Big  Cheyenne  and  Missouri  Rivers.    These  two  groups 
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constitute  the  Upper  Cretaceous  series,  and  though  they  are  quite 
distinct  in  their  Hthological  characters,  a  large  number  of  the  species  are 
common  to  both  groups,  so  that  the  line  of  separation  can  only  be  de- 
termined by  the  mineral  nature  of  the  beds.  What  I  have  said  above 
is  sufficient  to  render  all  references  to  these  divisions  clear  to  the  reader, 
and  they  will  be  discussed  more  in  detail  in  another  part  of  this  report. 
We  find  that  as  we  proceed  westward  from  Pawnee  County,  and  in  por- 
tions of  that  county,  more  and  more  recent  formations  come  to  view. 
We  find  that  in  Jefterson  County  Formations  1,  2,  and  3  are  revealed, 
and  if  we  were  to  continue  our  course  still  farther  westward  we  should 
probably  find  the  geological  structure  the  same  as  along  the  Platte, 
the  White  Kiver  Tertiary  beds  overlapping  and  concealing  the  chalky 
limestones  of  Xo.  3.  8o  far  as  I  have  been  able  to  make  examination, 
Nos.  4  and  5  are  not  seen,  though  we  cannot  doubt  of  their  existence 
somew  here  underneath  the  Tertiary  beds.  They  are  all  well  shown  on 
the  Missouri  River  and  along  the  eastern  base  of  the  mountains  far 
south  to  the  Arkansas,  but  along  the  Platte  and  all  the  little  branches 
No.  3  is  seen  to  a  greater  or  less  extent,  with  no  trace  of  Nos.  4  and  5. 
These  two  groups  may  have  been  removed  by  erosion  along  the  margins 
of  the  great  Tertiary  lake,  prior  to  the  deposition  of  the  Tertiary  beds, 
or  they  may  be  concealed  from  view  by  the  great  superficial  marl  or  drift 
which  forms  the  edges  of  the  true  Tertiary  deposits.  There  is  evidence 
to  believe  that  the  county  next  west  of  Jefferson  is  covered  with  the 
Tertiary  beds,  and  that  they  continue  westward  to  the  western  limit  of 
the  State.  We  know  that  at  Fort  Kearney  the  Tertiary  beds  are  shown 
along  the  Platte,  in  their  full  development,  with  high,  bluff'  hills,  200 
to  300  feet  in  height.  The  Hostile  Indians  were  roving  all  over  the 
county  bordering  on  the  Republican  Fork,  committing  all  manner  of 
depredations,  eft'ectively  preventing  me  from  making  an  exploration  of 
this  interesting  region,  but  it  is  safe  to  state  that  the  colors  on  the  map 
are  very  nearly  or  quite  correct.  As  to  the  resources  of  that  portion  of 
the  State  covered  with  the  Tertiary  beds,  it  is  safe  to  say  it  must  be  the 
same  as  tliat  bordering  on  the  Platte  west  of  Fort  Kearney.  It  will 
never  make  very  good  farming  land,  yet  it  may  be  inhabited  sparsely 
by  a  pastoral  people,  for  the  surface  is  thickly  covered  with  short,  nutri- 
tious grasses. 


CHAPTEE  V. 

JOHNSON  AND  LANCASTER  COtJNTIES. 

Johnson  County, — The  north  branch  of  the  Great  Nemaha  Eiver  runs 
nearly  diagonally  through  Johnson  County,  in  a  southeasterly  direc- 
tion. It  is  the  only  important  water-course  in  the  county,  and  its  value 
to  the  inhabitants  cannot  be  overestimated.  The  entire  county  is  under- 
laid by  rocks  of  the  age  of  the  upper  coal-measures  5  hence  the  geology 
is  comparaMvely  simple. 

There  are  very  few  exposures  along  the  Nemaha  and  its  branches,  and 
the  high  divides  on  either  side  present  only  rolling  prairies  covered  with 
a  luxuriant  growth  of  grass,  exhibiting  every  evidence  of  remarkable 
fertility,  but  having  no  timber  and  comparatively  little  living  water. 

From  Beatrice  our  course  was  nearly  northeast,  passing  over  the  divide 
between  the  waters  of  the  Big  Blue  and  those  of  the  Kemaha.  This 
divide,  as  usual,  was  treeless  and  nearly  waterless  for  eighteen  miles ; 
yet,  either  to  the  right  or  to  the  left  of  our  road,  water  and  small  trees 

H.  Ex.  19 3 
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could  have  been  found  within  five  or  six  miles.  The  grass  was  excellent, 
showing  a  fertile  soil,  and  the  surface  was  monotonously  beautiful  to  the 
eye,  but  not  an  exposure  of  the  underlying  rocks  could  be  seen. 

On  Yankee  Creek,  a  branch  of  the  Nemaha,  the  first  exhibition  of  the 
rocks  was  observed.  A  few  limestone  quarries  were  opened  for  obtain- 
ing building  materials.  The  beds  are  thin,  not  more  than  from  G  to  12 
inches  in  thickness,  intercalated  with  beds  of  clay  and  saiid.  The  sur- 
face is  rather  rugged,  some  abrupt  hills,  but  usually  clothed  with  grass 
down  to  the  wate?s  edge. 

At  Tecumseh  a  thin  seam  of  coal  has  been  opened,  and  is  now  worked 
with  some  success  by  Mr.  Beatty.  The  drift  is  very  similar  to  that  before 
described  in  my  report  of  Pawnee  County,  and  extends  into  the  bank 
about  100  yards.  Mr.  Beatty  has  taken  out  about  1,000  bushels  of  coal, 
which  he  sells  readily  at  the  mine  for  25  cents  per  bushel.  It  is  un 
doubtedly  the  same  bed  that  is  opened  on  Turner's  Branch  and  at 
Frieze's  Mill,  in  Pawnee  County,  but  it  is  not  quite  as  thick  or  as  good; 
it  contains  large  masses  of  the  sulphuret  of  iron  and  other  impurities 
The  coal  seam  here  varies  much  in  thickness,  from  10  to  15  inches.  The 
cap-rock  is  a  bed  of  limestone  not  more  than  2  or  3  feet  in  thickness. 
A  well  was  sunk  in  the  village  of  Tecumseh  CO  feet;  a  drill  was  driven 
down  through  rock  and  hard  clay  a  few  feet  farther,  and  passed  through 
what  the  workmen  thought  to  be  three  feet  of  good  coal.  This  dis- 
covery created  much  excitement  at  the  time,  and  increased  the  demand 
for  the  public  lands  in  Johnson  County.  It  afterward  turned  out  to  be 
the  same  seam  of  coal  worked  by  Mr.  Beatty  on  the  Nemaha,  and  was 
only  11  inches  in  thickness.  The  prospects,  therefore,  for  workable  beds 
of  coal  in  Johnson  County  are  no  better  than  in  the  neighboring  coun- 
ties already  examined.  The  succession  of  the  beds  at  Beatty's  coal-drift 
is  nearly  as  follows : 

9.  Alluvial  with  pebbles.    Small  fragments  of  limestone.    In  this  bed 

the  tooth  .of  a  mastodon  fM.  giganteusj  was  found. 
8.  Hard  layer  of  rusty  limestone  with  seams  of  carbonate  of  lime  all 

through,  4  to  6  inches. 
7.  Coal,  varying  in  thickness  and  quality,  10  to  15  inches;   contains 

much  sulphuret  of  iron. 
6.  Blue  potter's  clay,  4  to  6  inches;  rusty  or  light-gray  sandstone,  20 

indies,  which  is  regarded  as  useful  for  whetstones. 
5.  Micaceous  laminated  griL  10  feet. 
4.  Argillaceous  limestone,  mil  of  fossils,  Myalina  suhquadratay  Henii- 

pronites  crasstis.  • 

3.  Keddish  clay,  6  inches. 
2.  Reddish  siliceous  limestone,  15  inches. 
1.  Micaceous  sandy  grit,  20  inches. 

In  a  bed  of  limestone,  holding  a  high  position  in  the  hills,  the  follow- 
ing fossils  were  found:  Spirifer  cameratus,  Athyris  subtiUta,  Syntrilasma 
hemijHicatay  Productus  smiireticulatm.  These  rocks  prevail  all  over  the 
county,  so  that  the  geology  is  very  simple,  the  Upper  Coal-measures 
only  being  revealed. 

Tecumseh  is  the  county  seat  of  Johnson  County,  a  small  town  located 
on  the  elevated  prairie  near  Nemaha  River. 

From  Tecumseh  to  the  source  of  the  Nemaha,  about  forty-five  miles, 
I  did  not  discover  a  single  exposr xe  of  rock,  and  I  could  not  ascertain 
that  any  had  ever  been  observed  by  the  settlers.  We  must  conclude, 
therefore,  that  building  materials  in  the  shape  of  rock  are  not  well  dis- 
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tributed  over  the  country;  indeed,  I  do  not  know  of  any  one  in  wliicli 
1  ol)served  less. 

From  the  sources  of  the  Nemaha  we  passed  over  to  those  of  Salt 
Creek.  This  county  is  very  beautiful  and  productive.  As  a  compen- 
sation for  the  absence  of  rocky  layers  the  slopes  are  gentle  and  the 
creeks  and  ravines  are  grassed  to  the  water's  edge.  I  was  told  that  a 
few  building-stone  were  obtained  on  one  of  the  little  branches  of  the 
Nemaha.  On  Salt  Creek,  most  outcroppings  w^ere  seen  down  to  the  forks. 
The  best  quarries  of  limestone  are  on  the  farm  of  Mr.  S.  B.  Mills.  The 
west  fork  has  very  little  stone  on  it  except  for  about  a  mile  above  the 
junction.  It  is  hardly  necessary  to  give  the  succession  of  the  beds. 
There  are  alternations  of  clay  and  limestone,  and  the  limestones  appear 
to  belong  to  the  transition  or  Permo-Oarboniferous  series.  The  fossils 
occur  somewhat  rarely,  as  Productiis  semireticulatiis^  P,  prciftenianuSj  P. 
pnnctutUHj  P.  cosfatnSj  Retzia  punctulifera,  FusuUna  cylindrical  FenesteUa 
Shumardi.  These  limestones  are  exposed  over  an  area  of  not  more  than 
five  miles  square.  Their  entire  thickness  cannot  be  more  than  Irom  15 
to  20  feet,  arranged  in  layers  from  six  inches  to  two  feet  thick. 

In  abstracting  the  rocks  from  the  quarry  the  fracture  is  so  regular, 
breaking  into  massive  square  or  oblong  blocks,  and  the  texture  so  fine, 
compact,  and  of  light  cream-color,  that  they  are  highly  esteemed  by 
builders,  and  make  beautiful  as  well  as  durable  houses.  There  are  quite 
a  number  of  large  dwelUng-houses  made  of  this  stone  in  the  vicinity. 
It  works  quite  easily.  The  finest  springs  of  water  in  this  country  issue 
from  this  rock. 

There  are  6ve  or  six  of  tl\ese  quarries  opened  at  this  time,  but  the 
principal  one  occurs  on  the  farm  of  Mr.  S.  B.  Mills. 

These  fine  quarries  must  become  of  great  value  to  this  country,  for 
they  yield  the  only  good  building  material  for  thirty  to  fifty  miles  north, 
south,  and  west,  and  from  ten  to  twenty  miles  east  of  the  place. 

The  rusty,  rather  soft,  friable  sandstones  of  the  Dakota  Group  are 
used,  to  some  extent,  for  dwelling-houses.  It  presents  an  exceedingly 
somber  and  unpleasant  appearance  to  the  eye,  and  possesses  no  elements 
of  durabilit3\  It  can  be  relied  on  only  in  the  absence  of  other  building 
material.  A'bout  twelve  miles  below  these  quarries,  near  the  salt  basins, 
Lincoln,  the  capital  of  the  State,  is  located.  Pretty  good  water  is  ob- 
tained here  by  digging,  but  there  is  a  liability  even  then  to  strike  brack- 
ish water,  on  account  of  the  proximity  to  the  salt  lands. 

From  a  point  five  miles  above  Lincoln  to  a  point  five  miles  above  the 
mouth  of  Salt  Creek,  there  is  a  scant  supply  of  building  material,  of 
timber,  and  of  fresh  water ;  so  that  it  can  be  seen  at  a  glance  that  this 
valley  is  not  as  desirable  as  many  other  portions  of  the  State. 

Near  Miss  Warner's,  about  ten  miles  above  Lincoln,  a  well  was  dug 
on  the  high  hills,  bordering  the  valley,  to  the  depth  of  60  feet,  without 
striking  rock.  At  Yankee  Hill,  two  miles  above  Lincoln,  a  well  was 
dug  60  feet,  without  reaching  the  basis  rocks.  These  facts  show  the 
great  thickness  of  the  superficial  alluvial  deposits  of  this  region,  and 
also  the  skeleton  form  of  the  surface  prior  to  the  deposition  of  these 
deposits.    I  shall  treat  more  fully  on  this  subject  at  a  future  time. 

The  sandstones  of  the  Dakota  Group  are  quite  largely  developed  in 
this  region,  and  exhibit  their  usual  variability  of  texture  and  color. 
The  prevailing  color  is  a  deep  drab  rusty-brown,  sometimes  yellow,  or 
nearly  white.  Some  layers  contain  many  impressions  of  dicotyledonous 
leaves.  I  was  unable  to  find  as  large  and  perfect  impressions  as  I  have 
collected  at  many  other  localities. 
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So  for  as  the  surface  of  tbe  country  is  concerned,  in  Lancaster 
County  it  may  be  regarded  as  remarkable  for  its  beauty.  It  is  always 
gently  rolling,  well  drained,  and  from  elevations  the  views  are  very 
line,  forming  most  excellent  building  sites.  Wlien  the  soil  is  not  influ- 
enced by  salt  springs,  it  is  equal  to  any  in  the  State,  but  in  an  agricul- 
tural point  of  vie  w  there  is  no  doubt  that  Salt  Creek,  with  the  numer- 
ous salt  springs  that  issue  forth  near  it,  is  a  disadvantage  to  the  valley. 
That  portion  about  two  miles  above  Lancaster  does  not  seem  affected  by 
the  salt.  The  farm  of  Mr.  S.  B.  Mills,  of  over  1,000  acres,  about  ten 
miles  above  the  county  seat,  is  one  of  the  most  fertile  and  valuable 
in  the  State.  Although  the  salt  springs  in  this  county  may  eventually 
be  of  some  value  to  the  State  in  the  production  of  salt,  yet  I  am  con- 
vinced that  if  there  was  not  a  salt  spring  of  any  kind  in  the  county, 
the  difference  in  the  value  of  the  lands  for  agricultural  and  grazing 
purposes  w(5uld  much  more  than  balance  all  income  that  will  ever  arise 
from  the  salt  springs.  In  that  case  Salt  Creek,  instead  of  being 
almost  useless,  or  rather  an  impediment,  woidd  be  a  flue  fresh-water 
stream,  making  it  one  of  the  finest  stock  counties  in  the  State. 

The  surface  of  the  uplands  lies  very  beautifully,  is  very  attractiv^e  to  the 
eye,  but  there  is  scarcely  any  timber  in  the  county.  The  soil  is  excel- 
lent, and  forest  trees  may  be  planted  with  success  whenever  settlers 
choose  to  do  so,  though  very  little  has  been  done  as  yet. 

The  fact  that  the  capital  of  the  State  is  located  in  this  county  gives 
to  it  additional  importance,  and  it  also  becomes  a  matter  of  no  small 
interest  to  determine  the  true  value  of  the  salt  springs  that  occur  in  this 
vicinity.  The  basins  and  scattering  springs  occupy  a  large  area  several 
miles  in  extent,  but  the  main  basin  is  located  near  the  town  of  Lancii^ter. 
These  basins  are  depressions  in  the  surface  nearly  destitute  of  vegeta- 
tion, and  the  white  incrustations  of  salt  give  the  surface  the  appearance 
in  the  distance  of  a  sheet  of  water.  The  Great  Basin,  as  it  is  called,  is 
situated  Jibout  one  mile  from  Lancaster,  township  10,  range  6,  section 
22,  and  covers  an  area  of  about  400  acres.  The  brine  issues  from  a  large 
number  of  places  all  over  the  surface,  but  in  small  quantities.  All  tlie 
salt  water  that  comes  to  the  surface  from  this  basin  unites  in  one  stream, 
and  we  estimated  the  entire  amount  of  water  that  flowed  from  this  basin 
at  from  six  to  eight  gallons  per  minute.  The  second  salt  basin  lies 
between  Oak  and  Salt  Creeks,  and  covers  an  area  of  200  acres.  Third 
basin  is  on  Little  Salt  Creek,  called  Kenosha  Basin,  and  covers  200  acres. 
Numerous  small  basins  occur  on  Middle  Creek,  which  occupy  in  all  about 
COO  acres.  Between  Middle  and  Salt  Creeks  are  several  small  basins, 
covering  40  or  50  acres.  From  the  surface  of  all  these  basins  more  or 
less  springs  ooze  out.  In  former  years  great  quantities  of  salt  have  been 
taken  from  the  surface  and  carried  away.  During  the  war  as  many  as 
sixty  families  at  a  time  have  been  located  about  these  basins,  employed 
in  securing  the  salt. 

Besides  the  numerous  basins  above  mentioned,  Salt  Creek^  Hayes's 
Branch,  Middle  Creek,  Oak  and  Little  Salt  Creeks,  have  each  a  dozen 
springs  coming  out  near  the  water's  edge.  One  spring  on  Salt  Creek 
issues  from  a  sand  rock,  and  gushes  forth  with  a  stream  as  large  as  a 
man's  arm,  at  the  rate  of  four  gallons  a  minute.  This  is  the  largest 
spring  known  in  the  State.  The  geological  formations  in  the  vicinity  are 
of  the  Upper  Carboniferous  and  Lower  Cretaceous  age.  The  salt  springs 
luidoubtedly  come  up  from  a  great  depth,  probably  from  the  Upper  Car- 
boniferous rocks,  and  are  the  same  in  their  history  and  character  as  those 
in  Kansas.  Two  methods  have  been  used  to  some  extent  in  this  region 
w  pivpariug  the  salt — boiling  and  solar  evaporation.    The  only  method 
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which  can  be  employed  profitably  in  this  conntry,  where  fuel  is  so  scarce, 
is  solar  evaporation,  and  this  can  be  carried  on  more  eflectiially  than  in 
any  State  east  of  Nebraska.  The  unusual  dryness  of  the  atmosphere, 
the  comparatively  few  moist  or  clondy  days,  the  fine  wind  which  is  ever 
blowing,  will  render  evaporation  easy.  The  surface  indications  do  not 
lead  me  to  believe  that  Nebraska  will  ever  be  a  noted  salt  region.  It 
seems  to  me  that  if  all  the  brine  that  issues  from  all  the  basins  and  isolated 
springs  were  united  in  one  they  would  not  furnish  more  than  brine 
enough  to  keep  one  good  company  employed. 

What  the  result  of  boring  will  be  can  be  determined  only  by  actual 
experiment.  Some  large  spi-ings  may  yet  be  found  in  that  way,  but  I 
saw  no  brine  that  was  much  stronger  than  ocean  water.  The  rains  have 
been  so  frequent  this  spring  that  it  is  much  diluted  with  rain-water.  The 
Nebraska  Salt  Company  made,  from  July  to  November,  18G6,  00,000 
pounds  of  salt.  Another  company,  at  w ork  at  the  same  time,  made 
about  the  same  amount.  Good  working  days  6,000  pounds  have  been 
made  in  a  day.  The  kettles  used  for  boiling  are  very  rude  steam  boilers 
split  into  two  parts.  Jn  a  vat  12  by  24  feet  average  evaporation  was 
125  to  130  pounds  per  day.  An  extra  day  was  250  pounds.  I  think  it 
not  improbable  that  a  company  with  a  large  capital,  and  employing  all 
the  imi)roved  methods  of  manufacturing  the  salt,  would  succeed.  The 
salt  is  said  to  be  good,  though  not  as  strong  as  the  common  salt  of 
commerce. 

Passing  down  Salt  Creek  toward  its  mouth,  we  see  on  every  side  a 
gentle  undulating  region  covered  with  a  fine  growth  of  grass,  with  all 
the  indications  of  a  soil  fertile  and  productive.  Tliere  is  but  little  tim- 
ber in  the  valley  of  Salt  Creek  and  its  vicinity  ;  very  little  in  Lancaster 
County  ;  and  this  deficiency  should  be  remedied  at  once  by  the  planting 
of  trees.  There  is  no  good  reason  why  every  quarter-section  in  the 
country  should  not  have  a  proper  amount  of  wood-land  in  a  few  years. 
There  are  no  indications  of  the  Carboniferous  limestones  until  we  reach 
a  point  near  Dean's  Mill,  and  then  the  river  on  the  east  side  exposes  a 
considerable  thickness  of  them,  with  numerous  fossils.  On  the  west 
side  of  Salt  Creek  the  limestones  do  not  appear,  and  this  point  may  be 
considered  the  western  limit  on  the  south  side  of  the  Platte.  About  a 
mile  above  Ashland  there  is  a  quarry  of  the  rusty  sandstone,  which  is 
much  used  for  building  purposes.  Houses  are  not  built  of  them  gen- 
erally, but  walls  or  fortifications  are  sometimes  made  of  them.  These 
red  sandstone  quarries  are  quite  abundant  along  the  road  from  Ashland 
to  Plattsmouth,  but  they  thin  out  on  the  summits  of  the  hills  about  ten 
miles  before  reaching  the  latter  place. 

We  do  not  see  the  Cretaceous  sandstones  in  actual  contact  with  the 
Carboniferous  limestones,  even  along  Salt  Creek  or  along  the  Platte  on 
the  south  side,  but  this  is  due,  undoubtedly,  to  the  beds  of  line  sand 
and  clay  that  intervene,  forming  slopes.  About  fifteen  miles  east  of 
Ashland  a  bed  of  fine,  white,  indurated  sfindy  clay,  with  red  streaks  all 
through  it,  upon  which  the  red  sandstone  rest.  This  bed  is  20  or  M)  feet 
in  thickness,  and  can  be  made  very  useful  for  economical  purposes. 

At  Ashland,  near  Dean's  Mill,  there  is  a  pretty  good  thickness  of 
limestone  with  irregular  cleavage,  20  to  30  feet  in  thickness,  extending 
down  to  the  water's  edge,  and  forming  a  rock  bottom  or  ford.  Above 
this  is  a  slope  of  clay,  probably,  and  then  18  inches  of  hard,  yellow  lime- 
stone, which  is  also  quarried  out.  From  thence  to  the  suunnit  of  the 
bills  the  slope  is  150  to  200  feet,  covered  with  a  heavy  deposit  of  yellow 
marl ;  and  if  the  basis  rocks  crop  out  at  all,  they  are  red  saud^taOwe. 
From  the  lower  bed  at  Denu^a  Mill  1  coJiected  a  large  number  ot  lo^^W^^ 
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Produ<;tu^  semircticulatm^  P.  prattenianuSj  P.  punctatuSy  P.  costatiis^  P. 
wahashensiSj  Athyris  subtiUta^  Meekella  striato-costnta^  Syntrilasnia  hcmi- 
plicata,  Retzia  punctuUfera^  Spirifer  lineatmj  8.  planoconvexusj  8.  I'en- 
tuckensis,  Hemipromiea  crasaus^  C/ionetes  granuUferaj  Fusulina  cylindrical 
Allorisma^  Pinna  peracuta^  Schizodtis  wlieeleri^Myalina  subquadrataj  Scaph- 
ihocinis,  hemisphwricus,  Fcnestella^  Loplwphyllum^  &c. 

The  above  list  of  fossils  will  show  at  ouce  that  the  limestones  here, 
even  up  to  the  apposition  of  the  Cretaceous  beds,  are  Upper  Coal- 
measure,  and  that  the  transition  and  Permian,  if  they  were  ever  deposited 
here,  have  been  swept  away. 

About  five  miles  east  of  Ashland  the  succession  of  the  beds  is  thus 
shown : 

7.  Sandstone,  cropping  out  from  the  summits  of  the  hills  of  Cretaceous 

age. 
G.  Slope,  probably  fine  sand  and  clay. 
5.  Yellowish  magnesian  limestone,  gradually  passing  down  into  harder 

broken  lavers,  10  to  20  feet  thick,  in  lavers  G  inches  to  4  feet.    The 

upper  part  is  mostly  made  up  of  comminuted  organic  remains.    I 

detected  Meekella  striatO'COstata^  Athyris  subtilita^  Fustdina  cylindrica, 
4.  Slope,  20  feet. 
3.  Layers  of  whitish  limestone,  very  hard  and  good  for  lime,  and  for 

building  purposes,  4  to  G  feet;    Fusulina^  Athyris^   ArcJieocidaris, 

Meekellaj  crinoid  stems  and  corals. 
2.  Slope  150  feet  above  the  Platte;  about  100  feet  thick  at  this  point. 
1.  A  heavy  ledge  of  rather  brittle  limestone  full  of  Productus^  Spirifer^ 

Athyris^  Chonetes,  Fusulina^  crinoid  stems,  &c.,  1  to  15  feet  thick. 

Bed  5  of  the  above  section  furnishes  very  excellent  building  stone, 
which  has  been  used  in  the  fine  dwelling  of  Mr.  Dean  and  some  others. 
It  is  very  tenacious  but  soft,  easily  cut  with  a  knife,  can  be  smootheil 
with  a  common  jack-plane,  so  that  it  makes  excellent  caps  and  sills. 
One  special  virtue  in  this  rock  for  building  is  that  it  never  sweats,  that 
is,  moisture  never  accumulates  in  the  walls.  So  that  a  house  built  of 
it  is  dryer  even  than  one  of  wood.  Ashland  is  the  county  seat  of 
Saunders  County,  and  is  very  favorablj^  located  for  a  flourishing  v^illage. 
It  is  surrounded  by  a  fertile  and  productive  country,  and  the  water  of 
Salt  Creek  has  become  so  freshened  by  the  time  it  reaches  this  point 
that  cattle  are  not  affected  by  it,  but  rather  prefer  it.  All  kinds  of 
building  material  are  abundant  everywhere,  and  wood  in  moderate 
quantities.  Farther  westward  the  exposures  of  the  basis  rocks  are  very 
rare;  occasionally  a  little  stream  will  cut  down  into  them.  On  Skull 
Creek  the  gray  arenaceous  slialy  marls  of  Xo.  3  appear  near  the  bed  of 
the  creek.  The  upper  part  of  the  bed  is  about  one  foot,  of  yellow  or 
whitish-yellow  limestone ;  over  it  is  a  considerable  thickness  of  coarst^, 
loose  sand,  much  of  it  worn  down  from  the  Cretaceous  sandstones  of  No. 
1.  In  the  manufacture  of  artificial  building  material  this  might  be  made 
very  useful.  A  little  higher  up  on  this  creek  I  found  a  man  digging  for 
coal.  A  layer  of  shale,  which  possibly  represents  Xo.  2,  deceived  him 
into  the  belief  that  coal  must  exist  near.  He  passed  through  a  bed  of 
chalky  marl  with  abundant  specimens  of  Inoceramus  problematicm^  then 
a  marl  that  disintegrates  so  rapidl^^  on  exposure.  Along  the  Platte 
Iliver,  on  the  south  side,  about  fifteen  miles  below  the  mouth  of  Loup 
Fork,  there  is  a  cut  bank  which  exposes  the  following  beds,  which  be- 
long to  the  post-Tertiary,  but  which  I  regard  as  older  than  the  yellow 
marl : 
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2.  Three  feet  soil;  1  foot  yellow  marl  with  pebbles;  10  feet  sand,  gravel, 

and  rounded  granite  boulders. 
1.  Black  ash-colored  plastic  clay,  25  feet. 

There  is  a  line  of  separation  between  beds  1  and  2,  that  seems  to  indi- 
cate a  break  or  interval  of  time;  at  any  rate  the  materials  change  most 
abruptly.  The  clay  bed  below  has  much  the  appearance  of  the  dark 
Cretaceous  clays,  but  is  full  of  small,  water- worn  pebbles,  with  now  and 
then  a  rock  of  considerable  size.  1  am  inclined  to  the  opinion  that  this 
clay  will  be  made  very  useful  for  many  purposes,  but  more  especially  for 
the  manufacture  ©f  pottery.  The  geology  of  Nebraska,  south  of  the 
Platte  Kiver,  may  be  summed  up  as  follows :  The  first  two  tiers  of  coun- 
ties are  underlaid  by  Carboniferous  and  Permian  rocks;  overlapping  these 
in  the  third  tier  west,  are  the  Cretaceous  sandstones  of  No.  1,  then  No.  2 
and  No.  3,  and  possibly  Nos.  4  and  5,  but  it  is  probable  that  the  latter 
beds  are  not  seen ;  butabout  thirty  miles  above  the  entrance  of  the  Loup 
Fork  the  Cretaceous  belt  is  overlapped  in  turn  by  Tertiary  beds,  and 
then  continue  uninterruptedly  to  the  western  limits  of  the  State.  We 
have,  therefore,  but  these  three  portions  that  can  be  colored  on  the  map. 
The  simplicity  of  the  geological  structure  of  Nebraska  south  of  the  Platte 
can  be  seen  at  a  glance,  and  I  have  perhaps  devoted  in  this  report  all 
the  attention  to  it  which  it  deserves.  The  superftcfal  deposits  of  that 
region  are  more  difficult  to  study  and  require  more  attention  than  I  was 
able  to  give  them.  They  will  be  treated  of  more  fully  in  the  account  of 
the  geology  of  Nebraska  north  of  the  Platte. 


CHAPTER  YI. 

GEOLOGY  OF  NEBRASKA  NORTH  OF  THE  PLATTE. 

With  the  exception  of  a  small  portion  of  Douglas  and  Sarpy  Counties, 
bordering  on  the  Missoiu'iand  Platte  Rivers,  the  whole  State  of  Nebraska 
north  of  the  Platte  Rjver  is  underlaid  with  rocks  belonging  to  two  geolog- 
ical eras.  Cretaceous  and  Tertiary. 

The  Cretaceous  rocks  make  their  appearance  in  their  eastward  exten- 
sion in  rather  thin  beds,  capping  the  summits  of  the  hills,  and  only  the 
more  compact  layers,  resisting  the  eroding  ett'ects  of  water  or  atmos- 
pheric agencies,  remain  to  indicate  its  boundaries  and  extent.  I  am 
inclined  to  the  belief  that  the  rusty  sandstones  of  the  Dakota  Group 
once  extended  in  full  force  directly  across  the  Missouri  into  Iowa,  and 
that  the  sandstones  recently  discovered  by  Dr.  White  on  the  Nishna- 
botna  River  form  a  portion  of  the  series,  disconnected  only  by  the  wear- 
ing away  of  the  intervening  rocks.  There  is  no  doubt  that  a  great  por- 
tion of  northwestern  Iowa  is  underlaid  by  rocks  of  the  Dakota  Group. 

The  green  color  on  the  geological  map  of  Nebraska  connected  with 
this  report  will  show  the  eastern  boundaries  of  this  group  with  accu- 
racy. The  Carboniferous  limestones  soon  begin  to  disappear  north  of 
the*  Papillion  River. 

At  Sari>y's  old  trading  post,  near  Bellevue  Landing,  some  thin  layers 
of  rock  occur  in  the  hills,  and  a  thin  seam  of  coal  has  been  found,  and 
at  low  water  two  or  three  layers  of  rock  are  revealed,  which  can  be  made 
useful  for  building  purposes. 

At  Omaha  five  to  ten  feet  of  limestones  are  revealed  near  the  water's 
edge.  The  rock  is  quarried  to  considerable  extent ;  but  from  the  fact 
that  Omaha  is  almost  entirely  supplied  with  rocks  and  lime  for  building 
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purposes  from  the  Platte,  we  may  infer  that  the  quarries  at  Omaha  are 
not  extensive.  The  cost  of  stripping^  the  vast  thicknevss  of  superincum- 
bent Drift  and  Lbess  at  Omaha  must  render  the  working  of  this  quarry 
very  expensive. 

The  next  exposure  is  at  Florence,  where  the  limestones  are  seen  only 
at  low  water. 

The  last  exhibition  is  at  Rockport,  near  De  Soto,  wiiere  at  very  low 
water  the  limestones  are  seen  at  the  edge  of  the  river,  but  at  neither  of 
the  localities  above  named  are  there  quarries  of  any  special  value. 

Along  the  Missouri  bluff's  there  is  no  exposure  of  the  underlying  rocks 
again  until  we  reach  Tekama,  Burt  County.  Here  the  nuclei  of  all  the 
hills  are  sandstones  and  clays  of  the  Dakota  Group.  From  Florence  to 
Tekama  the  bluffs  or  hills  bordering  on  the  Missouri  are  very  rugged 
and  higli,  but  are  composed  entirely  of  Drift  gravel  at  the  bottom,  and 
a  great  thickness  of  yellow  marl  at  the  top;  indeed,  this  yellow  marl  or 
Loess  is  not  unfrequently  50  to  100  feet  in  thickness.  It  is  so  soft  and 
yielding  in  its  nature  that  the  little  temporary  streams  flowing  down  the 
bluffs  wear  out  immense  gorges  100  to  150  feet  in  depth.  The  sides  of 
these  hills  along  the  Missouri  bottom,  on  the  Iowa  as  well  as  Nel)raska 
side,  are  often  very  deep,  with  angles  of  descent  of  3(P  to  40^,  and  I  have 
seen  vegetation  clinging  quite  thickly  to  their  sides,  when  the  descent 
was  50O  to  550,  although  the  great  geographer.  Hitter,  says  that  the 
grade  at  which  it  is  possible  for  earth  to  cling  is  45^  At  Tekama  ai-e 
some  exposures  of  the  sandstones  of  the  Dakota  Grou]),  but  mostly  so 
soft  and  friable  as  to  be  of  little  value  as  building  material. 

In  the  absence  of  all  other  rocks  the  inhabitants  quarry  out  the  harder 
portions  and  use  them.  Underneath  the  sandstones  are  the  usual  varie- 
gated clays  and  sands,  red,  white,  gray,  and  drab,  witli  nodules  of  the 
sulphuret  of  iron.  In  the  sandstones  above,  there  is  quite  a  variety  in 
the  texture  of  the  rock.  Sometimes  there  are  thin  intenralations  of 
clay;  then  little  pockets,  as  it  were,  of  clay  inclosed  in  a  thin  shell  of 
iron;  then  the  thin  layers  are  oblique,  as  if  the  waters  in  which  the 
sands  were  deposited  were  in  currents,  or  in  a  disturbed  condition. 
Indeed,  it  would  hardly  be  possible  to  describe  all  the  varied  conditions 
which  this  rock  presents.  Between  Tekama  and  Decatur,  a  <listance  of 
about  sixteen  miles,  there  are  frequent  exposures  of  the  sandstones  and 
clays,  but  none  worthy  of  special  notice  until  we  reach  the  vicinity  of 
the  little  town  of  Decatur,  near  the  border  of  the  Omaha  reserve. 
Here  some  harder  layers  of  rock  are  exposed,  which  are  us(»d  for  the 
foundations  of  buildings  and  other  economical  i^urposes.  There  is  one 
layer  of  quartzite. 

The  range  of  hills,  all  the  wjiy  from  Tekama  to  Decatur,  is  well 
grassed  over,  and  very  abruptly  steep.  Numerous  springs  of  the  purest 
water  flow  from  these  hills  at  all  elevations.  One  of  them  is  quite  re- 
markable, and  is  known  as  the  Golden  Spring,  from  which  quite  a 
stream  flows  through  the  coarse  sand.  The  time  must  come,  in  tbo  fu 
tare,  when  this  will  become  a  popular  watering-place  for  the  West. 
Above  Decatur  the  Missouri  cuts  the  bluffs  so  as  to  show  a  mur.d  es 
carpmeiit  as  follows : 

2.  Massive  yellow  marl;  no  lines  of  stratification  visible;  immense 
masses  slidden  down,  several  yards  having  fallen  in,  40  to  50  feet. 

1.  Variegf  ted  clays,  with  a  soft,  tine  grit;  there  is  a  dark  seam  in  it 
filled  with  bits  of  coaly  matter. 

These  clays  vary  from  a  purplish  hue  to  a  dark  drab  ;  100  to  200  feet 
exposed  here.    A  little  farther  up  the  river  the  soft  yellow  sandstone 
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appears  above  the  clays  in  regrular  order.  There  are  great  quantities  of 
iron  ore,  a  kind  of  limonite,  scattered  all  along  the  river  in  large  flat  or 
irregular  masses,  also  some  nodules  or  concretions.  Another  section, 
near  the  last,  shows  the  following  succession  of  beds : 

4.  Yellow  marl,  with  small  calcareous  nodules ;  no  stratification  ;  10  to 
20  feet. 

3.  Yellow  and  gray  indurated  clays ;  8  to  15  feet. 

2.  Soft,  yellow,  rusty  sandstone,  massive,  with  very  little  sign  of  strati- 
liciition :  50  feet. 

* 

1.  Variegated  clays;  50  to  60  feet. 

The  rusty-yellow  color  prevails  eveiywhere,  arising  from  the  oxyda- 
tiou  of  the  iron.  This  gives  complexion  to  everything  in  this  forma- 
tion. These  diflerent  sandstones  extend  from  a  point  near  Florence, 
where  they  cap  the  hills  above  the  mouth  of  Iowa  Creek  over  one  hun- 
dred miles.  The  fossil  plants  in  the  hills  nejir  Decatur,  and  at  the 
Blackbird  Mission,  are  very  numerous;  about  fifty  or  sixty  species 
have  already  been  collected  at  these  localities.  The  sandstone  is  quar- 
ried out  and  used  for  cellar  walls,  and  for  other  puri)oses  where  stone 
is  needed.  It  is  useful,  inasmuch  as  all  other  rocks  are  absent.  Sand 
for  making  the  patent  concrete  is  exceedingly  abundant.  Near  Tekama 
and  Deciitur  there  are  thin  seams  of  iron  ore,  which,  when  broken  with 
a  hammer,  give  forth  a  sound  much  like  that  from  old  pot-metal.  It  is 
really  pretty  good  iron  ore,  but  silicious  and  impure ;  and  even  if  this 
ore  were  of  the  best  quality,  and  in  great  abundance,  there  is  no  fuel  in 
the  country  to  render  it  of  any  value. 

At  the  lUackbird  Mission,  on  the  Missouri,  eight  miles  above  Deca- 
tur, the  bkili's  of  sandstone  are  quite  conspicuous,  and  often  present 
very  high  mural  fronts,  upon  which  the  Indians  have  carved  many  rude 
pictures,  doubtless  portions  of  their  hieroglyphical  history.  At  this  lo- 
cality are  quite  numerous  layers,  from  1  to  4  feet  thick,  of  a  very  coni- 
l)act,  massive  quartzite,  the  hardest  and  most  durable  rock  in  the  State. 
It  has  the  appearance  of  a  metamorphic  rock,  so  very  hard  and  close- 
^ined  is  it.  The  harder  portions  have  been  quarried  out  and  used  for 
the  construction  of  a  very  large  three-story  building  for  the  mission 
school. 

As  the  constniction  of  several  railroad  bridges  across  the  Missouri 
are  contemplated,  no  rock  in  the  State  would  be  so  unyielding  and  du- 
rable for  abutments  as  this,  providing  enough  of  it  can  be  found.  It 
Keems  to  assume  a  concretionary  form  in  the  sandstone,  and  is  of  very 
uncertain  thickness  and  extent.  About  two  miles  above  the  mission, 
the  hills  are  cut  by  the  river  so  as  to  reveal  vertical  blufts,  the  rocks  of 
which,  in  the  distance,  have  a  yellowish- white  appearance,  and  from 
this  fact  are  usually  called  chalk  bluft's.  The  sandstone  is  massiv  e,  al- 
most without  stratification,  and  very  friable  and  soft. 

4.  Yellow  marl,  recent,  10  to  50  feet. 

3.  Eight  inches  of  earthy  lignite,  resting  upon  12  inches  of  yellowish- 
drab  arenaceous  clay,  uuderlaid  by  8  inches  impure  lignite. 

2.  Massive  yellow  sandstone,  with  some  thin  intercalations  of  clay,  soft 
and  friable,  readily  yielding  to  the  erosive  effects  of  water,  GO  to  80 
feet  thick. 

1.  Yellow,  plastic,  unctuous  clay,  toward  the  top  becoming  a  grayish- 
blue  ;  contains  flat  argillaceous  concretions,  2  feet. 

This  is  perhaps  the  finest  and  largest  exposure  of  the  rocks  of  this 
jn^mp  along  the  river.  The  mural  exposures  of  soft  sandstone  present 
good  surfaces  for  the  Indian  to  make  use  of  to  write  his  rude  his- 
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tx)ry,  and  on  the  chalk  bluffs  there  are  many  of  these  hieroglyphics 
in  positions  totally  inaccessible  to  the  Indians  at  the  present  time. 
None  of  them  now  living  know  anything  about  them,  and  it  is  supposed 
that  they  must  be  very  ancient,  and  that  since  they  were  made  great 
changes  must  have  been  wrought  in  these  bluffs  by  the  waters  of  the 
Missouri.  These  markings  are  at  least  50  feet  above  the  water,  and 
50  feet  or  more  below  the  summit  of  the  bluff,  so  that  they  must  have 
been  made  before  the  lower  portion  of  the  bluff  was  washed  away  by 
the  Missouri.  It  seems  strange  that  none  of  these  hieroglyphical  writ- 
ings, which  occur  quite  often  on  the  chalk  rocks  of  the  Niobrara  Group 
higher  up  the  Missouri,  are  known  to  any  Indians  now  living.  Manuel's 
Creek  is  called  in  the  Dakota  language,  the  creek  where  the  dead  have 
worked,  on  account  of  the  markings  on  the  rocks. 

The  above  illustration  conveys  an  idea  of  the  sandstones  of  the 
Dakota  Group,  as  they  front  the  Missouri,  and  shows  the  wearing  away 
of  the  material  of  the  rock  underneath  during  high  water.  This 
erosion  is  continued  for  a  series  of  years,  until  the  superincumbent 
rocks  fall  down  and  are  washed  awsiy  by  the  river.  Near  the  mouth 
of  Omaha  Creek  are  some  very  high  vertical  bluffs  of  sandstone, 
from  which  spme  rock  has  been  taken  for  building  purposes.  It 
is  useful,  since  no  better  can  be  found  in  the  vicinity.  For  a  con- 
siderable distance  along  the  hills  opposite  Sioux  Cit}',  beds  of  the  gray 
quartzite  are  found,  which  are  worked  to  considerable  extent,  and 
furnish  a  very  good  supply  for  the  inhabitants.  A  few  impressions  of 
plants  and  a  few  fossil  shells  were  found  here.  Near  Sioux  City,  on  the 
Iowa  side  of  the  Missouri,  is  a  high  cut  bluff  extending  to  the  mouth  of 
the  Big  Sioux  liiver.  Here  was  formerly  a  large  exposure  of  the  rocks 
of  the  Dakota  Group,  and  these  rocks  exhibited  well  their  variegated 
texture  and  composition.  The  color  seems  to  ditt'er,  depending  ui)ou 
the  amount  of  ferruginous  matter  in  them.  Only  about  20  feet  of  the 
different  layers  are  exposed,  and  only  about  5  feet  hard  enough  for 
building  purposes.  This  quarry  has  been  wrought  for  twelve  years  or 
more,  and  at  this  time  seems  to  have  given  out,  for  very  little  suitable 
building  stone  can  be  found,  mostly  loose  sandstone  and  clay.  In  former 
years  I  have  obtained  impressions  of  dicotyledonous  leaves,  as  willow, 
laurel,  &c.,  with  some  fossil  shells  of  the  genera  Pharella,  Axinea,  Mac- 
tray  and  Cyrenaj  which  are  in  part  estuary  and  in  part  marine  in  their 
habits. 

Near  the  northern  boundary  of  the  Omaha  reserve  traces  of  a  whitish, 
chalky  limestone,  almost  entirely  made  up  of  the  shells  of  a  species  of 
InoceramuSy  make  their  appearance  on  the  high  hills.  This  rock  indi- 
cates the  first  api)earance  of  the  Cretaceous  division,  No.  3,  or  the  Nio- 
brara group. 

In  passing  northward,  as  we  continue  up  the  Missouri,  we  find  this 
formation  becoming  more  and  more  conspicuous,  until  opposite  SioiLX 
City  it  is  50  to  100  feet  in  thickness.  It  is  of  much  value  to  this  region 
of  the  country,  on  account  of  its  qualities  as  a  material  for  lime,  and  it 
supplies  a  large  district  with  that  valuable  material.  Omaha  is  largely 
supplied  with  lime  from  the  region  of  the  Platte.  Between  Omaha  and 
the  northern  boundary  of  the  Indian  reservation,  a  distance  of  eighty 
miles  or  more,  extending  southward  to  the  Platte,  near  Columbus,  there 
are  five  or  six  counties  entirely  destitute  of  limestone.  This  limestone 
of  the  Niobrara  Group  becomes  very  valuable,  therefore,  and  it  will  be 
from  this  upper  district  that  the  counties  underlaid  by  sandstones  of  the 
Dakota  Group  must  obtain  their  supply-  of  lime.  Number  2,  or  Fort 
Benton  Group,  seems  to  be  wanting  until  we  reach  a  point  near  the  mouth 
of  Iowa  Creek.    This  is  a  thin  bed,  not  over  40  feet  in  thickness  at  any 
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one  point,  and  is  characterized  by  black  plastic  clay  filled  with  beautiful 
crystallized  sulphuret  of  iron.  It  is  pretty  well  exposed  below  the  mouth 
Df  Iowa  Creek,  where  the  Missouri  cuts  the  bluffs,  and  here  we  see  all 
the  rocks  in  their  order : 

i.  Yellow  marl,  a  recent  deposit. 

3.  Niobrara  Group,  layers  of  white  and  yellow  chalky  lime,  passing 
down  into  gray  marly  rock. 

2.  Black  plastic  clay,  with  hard  layers,  containing  Inoceramus^  a  species 
of  Ostreay  like  0.  congesta^  remains  of  fishes,  many  crystals  of  sulphu- 
ret of  iron,  sclenite,  &c. 

1.  Dakota  Group,  sulphuret  of  iron,  fragments  of  wood,  impressions  of 
leaves,  willow,  laurel,  &c. 

Near  the  mouth  of  the  Niobrara  Biver  the  black  shaly  clays  of  the 
Fort  Pierre  Group  begin  to  make  their  appearance  on  the  hills  over  the 
Niobrara  Division,  so  that  within  the  limits  of  Nebraska  proper  we  have 
four  out  of  five  of  the  important  divisions  of  the  Cretaceous  rocks  of 
the  west. 

Near  the  mouth  of  Iowa  Creek  there  seems  to  be  a  bed  of  impure 
lignite  in  the  Fort  Benton  Group,  or  in  the  transition  between  the 
Dakota  and  Fort  Benton  Groups.  This  bed,  which  has  been  worked  to 
a  considerable  extent,  and  the  coal  used  by  blacksmiths  in  this  vicinity 
with  some  success,  does  not  seem  to  be  the  same  as  that  seen  along  the 
Indian  reserve,  which  is  undoubtedly  in  the  sandstone  of  the  Dakota 
Group. 

I  am  inclined  to  the  opinion  that  this  bed  of  lignite  near  Ponka  City 
is  a  local  bed,  or  at  least  restricted  in  its  geographical  extent,  and  is 
the  result  of  an  accumulation  of  drift-wood  in  an  esfeuary  of  the  Cretaceous 
sea.  I  am  informed  that  it  is  seen  over  on  the  Elkhorn  Elver,  about 
thirty-five  miles  west  of  this  point. 

Mr.  Clark  tells  me  that  he  dug  12  or  15  feet  below  this  bed,  and  struck 
another  seam  of  coal  much  better  than  the  one  cropping  out.  The  lower 
be<l  must  be  the  one  in  the  Dakota  Group.  Lithologically,  it  is  impos- 
sible to  draw  a  line  of  demarkation  between  these  formations  here.  No. 
1  passes  so  imperceptibly  into  No.  2,  and  No.  2  into  No.  3,  that  there  is 
no  break,  and  yet  their  principal  characteristics  are  very  distinct.  The 
first  is  a  sandstone;  second,  a  black,  plastic  clay ;  third,  a  chalky  lime- 
stone ;  and  yet  I  cannot  tell  the  exact  point  where  one  commences  and 
the  other  ends. 

The  impressions  of  leaves  have  ceased  to  appear  before  the  close  of 
the  Dakota  Group.  The  sandstones  of  the  Dakota  Group  occupy  the 
whole  country  along  the  Platte  from  the  mouth  of  the  Elkhorn  to  a 
point  some  twenty  miles  beyond  the  entrance  of  the  Loup  Fork. 

The  intermediate  counties  between  the  Missouri  and  Platte  have  very 
few  exposures  of  rock  of  any  kind,  so  that  quarries  in  this  region,  even 
though  the  rock  is  of  inferior  quality,  are  much  prized.  We  have,  there- 
fore, within  the  limits  of  the  State  of  Nebraska  north  of  the  Platte,  • 
the  Carboniferous  rocks  underlying  two  counties — Sarpy  and  Douglas ; 
then  come  the  Cretaceous  rocks,  especially  No.  1,  overlapping  the  Car- 
boniferous. These  beds  continue  along  the  Missouri  to  the  northern 
Hinit  of  the  State.  They  extend  in  a  southeastern  direction  beyond  the 
south  line  of  the  State  into  Kansas,  underlying  a  belt  of  country  from 
fifty  to  two  hundred  miles  in  width.  About  the  sources  of  the  Loup 
Fork,  and  about  thirty  miles  west  of  Columbus,  the  Tertiary  beds  begin 
to  make  their  appearance,  and  then  extend  to  the  extreme  western  limits 
of  the  State.    Even  along  the  Platte,  before  reaching  Columbus,  their 
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influence  is  felt  to  considerable  extent,  for  the  soil  of  tbe  bottoms  is 
quite  sandy,  and  in  some  places  too  much  so  to  be  productive.  The 
area  drained  by  the  Elkhorn  and  its  branches  cannot  be  much  less  than 
from  two  thousand  to  four  thousand  square  miles,  and  yet  over  this 
large  surface  there  are  but  few  outcroppings  of  rocks  of  any  kind.  We 
know  that  the  Cretaceous  beds  underlie  nearly  or  quite  all  of  it,  and 
yet  they  seem  to  have  yielded  so  readily  to  atmospheric  influences  that 
the  surface  is  very  gently  undulating,  the  slopes  along  the  streams  bein^ 
grassed  over  down  to  the  watei^s  edge.  Along  Elkhorn  or  Logan's 
Creek  there  is  a  bottom  of  greater  or  less  width  on  either  side,  so  that 
the  basis  rocks  are  concealed  along  the  banks  by  a  moderate  thickness 
of  superficial  marl,  a  great  part  of  which  is  composed  of  the  disintegrated 
materials  of  the  Cretaceous  or  Tertiary  rocks.  Over  all  this  region  there 
is  very  little  timber,  but  the  clay^  for  making  artificial  building  ma- 
terials are  without  limit.  The  soil  is  wonderfully  fertile,  the  water  very 
pure,  climate  healthy,  so  that  we  cannot  but  believe  that  all  this  district 
will  eventually  take  the  highest  position  as  an  agricultural  and  grazing 
region.  West  of  latitude  90^  the  Tertiary'  beds  prevail  to  the  exclusion 
of  all  others;  the  soil  is  less  fertile,  water  and  wood  is  less  abundant, 
and  yet  the  surface  is  covered  with  a  thick  growth  of  grass  and  other 
herbaceous  vegetation.  Although  this  portion  of  Nebraska  cannot  be 
cultivated  successfully  at  this  time,  yet  the  climate  is  so  healthy  and 
the  water  so  pure,  the  grass  so  abundant  and  nutritious,  that  it  seems 
to  me  it  will  become  in  the  future  an  excellent  grazing  region.  The 
character  of  the  surface,  and  the  shortness,  as  well  as  the  nutritious 
character,  of  the  grass,  would  seem  to  adapt  it  especially  for  the  i-aisingf 
of  sheep,  and  immense  herds  of  them  might  be  raised  by  a  pastoral 
people.  The  Union  Pacific  Railroad  will  transport  all  the  products  of 
this  vast  region  to  market,  and  I  am  convinced  that  even  the  sand-hills 
will  yet  become  a  fine  pasture  ground  for  herds  of  sheep,  cattle,  and 
horses,  and  thus  every  part  of  the  State  may  be  settled  and  made  pro- 
ductive. 


CHAPTEIl  Yin. 

THE    COx\X..FIELDS   OF   COLORADO. 

I  have  endeavored  in  this  chapter  to  take  as  complete  a  view  of  the 
Lignite  formations  of  the  West  as  the  facts  will  admit,  first  confining 
my  observations  to  the  country  west  of  the  Mississippi,  and  then  en- 
deavoring to  trace  them  beyond  those  limits.  If  the  lignites  of  the  West 
prove  of  economic«al  importance,  as  we  believe  they  will,  they  will  be  of 
inestimable  value  to  all  parts  of  the  West,  but  to  no  portion  mote  than 
to  the  State  of  Nebraska,  and  the  time  is  now  fast  ai)proaching  when 
their  true  value  will  be  determined.  It  is  on  this  account  that  I  give 
them  so  much  attention  in  this  report. 

Although  our  knowledge  of  tlie  Lignite  formations  of  the  West  is  not 
very  extensive  at  this  ti!ue,  yet  the  discovery  of  them  is  by  no  means  a 
new  one,  for  they  have  been  referred  to  in  most  books  of  travel  since 
1<S()0.  Lewis  and  Clark  saw  beds  of ''  stone-coal"  all  along  the  ^lissouri. 
Wyeth  says  that  the  banks  of  the  Yellowstone,  below  the  month  of  the 
Big  Horn,  are  in  many  places  precipitous,  with  strata  of  "bituminous 
coal," and  Captain  Bonneville  saw  ''anthracite  coal"  on  Powder  liiver. 
We  now  know  that  all  these  coal-beds  are  of  Tertiary  age,  and  cover  a 
vast  area  bordering  on  the  Missouri  River.    In  1842  Colonel  Fremont 
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observed  the  lignite  beds  on  some  of  the  tributaries  of  the  Columbia, 
and  Green  River,  a  branch  of  the  Colorado.  This  is  undoubtedly  a 
western  extension  of  a  i>ortion  of  the  formations  described  on  the  Med- 
icine Bow  River.  !Near  longitude  122°  and  latitude  45^  3(K,  Colonel 
Fremont  discovered  a  stratum.  (Fremont,  page  192.)  On  Muddy  River, 
in  longitude  lll^,  and  latitude  4Io  30',  he  found  a  most  interesting  local- 
ity, with  several  beds  of  coal  and  clay,  and  in  one  bed  of  indurated 
clay  was  a  great  abundance  of  vegetable  remains.  The  stratum  con- 
taining the  i)lants  was  about  20  feet  thick,  and  above  it  were  beds  of 
coal,  each  15  inches  thick ;  below  are  three  beds  of  coal,  separated  by 
layers  of  clay.  Captain  Stansbury,  in  his  report  of  an  expedition  to 
Great  Salt  Lake,  frequently  notices  the  existence  of  coal  in  numerous 
localities.  On  a  fork  of  Bitter  Creek  he  saw  a  stratum  10  feet  thick, 
exposed  for  100  yards.  During  the  whole  day's  travel  coal  was  exposed 
in  every  favorable  locality.  The  dip  of  the  beds  was  northeasterly  5^ 
to  lOo.  All  along  the  Muddy  it  also  outcrops,  even  to  the  summit,  where 
the  waters  flow  each  side  into  the  l^acific  and  Atlantic.  On  Rattlesnake 
Cre(*k  were  indications  of  coal,  also  on  Sulphur  Creek,  of  so  good  qual- 
ity that  he  calls  it  stone-coal.  In  his  report  he  says:  "  Specimens  of  it, 
although  much  weathered,  burned  in  a  camp-fire  with  a  clear,  bright 
flame.  It  is  bright  black ;  but  when  cut  with  a  knife,  appears  dark 
brown  ;  and  when  weathered,  light  brown.  It  is  superior  brown  coal.'' 
Mr.  Henry  Engelmaun,  in  General  Simpson's  report,  1859,  observed  the 
Utah  and  Western  Colorado  coal  beds  in  numerous  localities.  He  regards 
the  coal  strata  at  Fort  Bridger  and  beyond  of  Cretaceous  age.  On 
Sulphur  Creek  he  found  extensive  coal  beds  with  fossils,  identical 
with  Professor  Hall's  Turbo  paludhiw  for miSj  from  Muddy  Creek.  Cap- 
tain Gunnison  noticed  coal-beds  near  the  junction  of  Grand  and  Blue 
Rivers,  in  the  Green  River  Valley ;  also  on  the  eastern  slope  of  the 
Wasatch  Mountains,  near  the  head-waters  of  Sevier  River;  also  in  the  . 
upper  portion  of  the  San  Pete  Valley,  a  stream  which  has  its  source  in 
the  eastern  slope  of  the  Wasatch  range.  This  coal  was  used  by  the 
blacksmiths  at  Camp  Floyd,  and  regarded  by  them  as  a  superior  ''bitu- 
minous coal."  Engelmaun  found  the  lignite  all  along  W^eber  Creek,  from 
Echo  Canon  to  Kamas  Prairie.  As  this  last  locality  is  apparently  in 
the  midst  of  the  mountains,  Mr.  E.  speaks  of  the  great  tilting  up  of  the 
beds.  He  also  found  fossils  on  Sulphur  Creek  that  appear  to  be  iden- 
tical with  those  discovered  by  Colonel  Fremont  on  Snake  River,  longi- 
tude 1150,  latitude  43^,  overlying  a  sandstone  which  contains  in  the 
greatest  abundance  an  ostrea  [0.  congesta^  probably)  and  InoceramuSy 
(I.  CruHplL)  The  sandstone  was  white,  rather  soft  and  finegrained, 
and  undoubtedly  represents  No.  3,  or  the  Niobrara  Group  of  Cretaceous 
rocks.  At  the  forks  of  Sulphur  Creek  the  whitish  sandstone  occurs 
again,  with  Ostrea.  Near  the  crossing  of  Sulphur  Creek  is  a  spring  of 
petroleum,  which  has  been  referred  to  by  several  former  travelers.  Shal- 
low depressions  in  the  ground  near  the  si)ring  are  filled  with  water,  and 
rising  on  the  surface  is  the  oil  or  tar.  The  Mormons  and  other  emi- 
grants employ  it  as  a  liniment  for  wounds,  and  as  a  lubricator  for  their 
wagons.  On  exposure  to  the  air  it  is  changed  from  a  green  color  to  a 
dark  brown,  and  it  has  an  aromatic  taste.  This  tar  hardens  as  it  flows 
from  the  ground,  and  becomes  mixed  with  the  soil  around  the  sides  of 
the  spring.  In  18G0  I  noticed  the  same  phenomena  in  seveml  places 
along  the  eastern  side  of  the  Sweetwater  Mountains,  and  I  was  informed 
of  the  occurrence  of  these  springs  in  many  other  localities.  On  Weber 
River,  above  the  mouth  of  White  Clay  Creek,  the  Ostrea  was  found  in 
several  places  in  the  white  saudstones.    Some  specimens  o£  (iO^\  Yv*i\N^ 
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been  found  in  Eound  Prairie,  on  the  Timpanagos,  and  the  little  stream* 
near  this  point  has  been  called  on  that  account  Coal  Creeli. 

Colonel  Emory,  as  far  back  as  1848,  speaks  of  the  occurrence  of  coal 
between  Bent's  Fort,  on  the  Arkansas  River,  and  Santa  Fe,  to  the  north 
and  south  of  Raton  Pass.  A  few  specimens  of  dicotyledonous  leaves 
were  obtained,  which  indicate  that  the  age  of  the  rocks  in  which  the 
lignite  is  found  is  Tertiary.  I  have  thus  far  noticed  the  existence  of  this 
coal  over  districts  which  are  about  to  be  rendered  more  valuabk^  by  the 
constniction  of  the  two  Pacific  railroads,  covering  an  area  between  the 
48th  and  38th  degrees  of  latitude.  I  shall  refer  again  in  anotlier  por- 
tion of  this  chapter  to  the  geographical  extension  of  these  beds  beyond 
these  limits. 

After  having  examined  with  some  degree  of  care  most  of  the  settled 
portions  of  the  State,  1  regarded  it  as  my  duty  to  pass  beyond  its  limits 
into  the  neighboring  Territories  in  the  vicinity  of  the  Rocky  Mountains 
to  ascertain  the  quantity,  as  well  as  quality,  of  the  lignite  which  was 
reported  to  exist  there.  The  construction  of  the  Union  Pacific  Rail 
roads  has  (yeated  a  new  demand  for  mineral  fuel  all  over  this  portion  of 
the  West,  and  if  these  great  deposits  can  be  made  available,  their  value 
in  the  future  development  of  the  West  can  not  be  overestimated.  By 
the  kindness  of  the  managers  of  the  railroads  I  received  free  passes  for 
myself  and  party,  and  thus  was  enabled,  with  .comparatively  little  ex- 
pense, to  go  beyond  the  first  range  of  mountains,  into  the  Laramie 
Plains,  and  returning  by  way  of  the  overland  stage  route  to  South  Boulder 
Creek,  thence  northward  to  Cheyenne  City,  along  the  base  of  the  mount- 
ains. Along  the  line  of  the  Union  Pacific  Railroad  the  limestones  of 
the  Upper  Coal-Measures  extend  from  Omaha  to  the  north  of  the  Elk- 
horn  River,  a  distance  of  about  thirty  miles.  Before  reaching  this  point 
westward,  however,  the  rusty,  reddish  sandstones  of  the  Dakota  Group 
are  seen  on  the  summits  of  the  hills,  gradually  increasing  in  thickness 
and  importance,  until  at  the  mouth  of  the  Elkhorn,  and  for  some  dis- 
tance up  that  stream,  it  forms  moderately  high,  bluft'  banks.  The  rail- 
road then  descends  into  the  Platte  bottom,  which  is  very  wicfe,  an<l  the 
yielding  natui^e  of  this  formation,  as  well  as  the  other  divisions  of  the 
Cretaceous,  causes  the  gentle  slopes  and  the  almost  entire  concealment 
of  all  the  underlying  rocks.  From  the  mouth  of  the  Elkhorn  River  to 
a  point  at  least  one  hundred  miles  west  on  the  Platte  and  Loup  Fork, 
indications  of  the  white  chalk}^  limestones  of  the  Niobrara  Group  are 
seen,  with  the  ever  present  Inoceramus,  but  there  are  no  prominent  ex- 
posures, and  this  rock,  although  excellent  for  limestone,  is  not  found  in 
sufficient  quantities  to  be  of  much  economical  value.  In  1837 1  observed 
an  exposure  of  soft,  rustj^  sandstone  at  the  mouth  of  Loup  Fork,  which 
belonged  undoubtedly  to  the  Dakota  Group,  but  this  year  I  was  unable 
to  find  the  locality  again.  It  is  safe  to  say  that  the  Cretaceous  beds  ex- 
tend up  as  far  as  the  mouth  of  Calamus  Creek,  but  all  the  underlying 
rocks  in  this  region  seem  to  be  concealed  from  view  by  a  thick  deposit 
of  yellow,  sandy  marl.  The  Tertiary  beds  commence  overlying  the  Cre- 
taceous rocks  near  the  south  portion  of  the  Pawnee  reservation.  The 
exact  position  and  age  of  these  beds,  as  they  first  api>ear,  I  cannot  tell, 
but  they  must  bo  Upper  Pliocene,  or  perhaps,  indeed,  of  the  age  of  the 
yellow  marl  or  Loess.  Near  latitude  93^  some  small  bones  were  found, 
which  indicate  the  true  Pliocene,  and  from  there  to  the  foot  of  tlie  moun- 
tains the  unmistakable  Pliocene  Tertiary  beds  prevail.  So  far  as  any 
evidence  that  I  have  yet  been  able  to  obtain,  the  Upper  Pliocene  beds 
shade  off  into  the  Loess  in  such  a  manner  that  I  have  seen  no  locality 
wliere  I  could  detect  any  break  in  the  continuity. 
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At  Cedar  Bluflfe  the  yellow  arenaceous  marl  is  100  to  150  feet  thick, 
filled  with  shells  of  recent  species,  and  this  marl  diminishes  in  quantity 
as  we  pix)ceed,  until  the  true  Pliocene  beds  are  visible.  At  Fort 
Kearaey  the  Tertiary  beds  are  quite  conspicuous,  forming  high,  rugged 
hills  on  either  side  oiE*  the  Platte.  The  bottom  of  the  Platte  varies  some- 
what in  width  from  five  to  fifteen  miles,  but,  for  the  most  part,  is  very  level, 
while  the  hills  which  border  it  are  rugged  or  smooth,  depending  on 
the  character  of  the  underlying  rocks.  Sometimes,  for  miles,  they  will 
present  softened,  smooth  outlines,  clothed  with  grass,  without  a  rock  in 
view ;  then,  again,  they  will  be  cut  up  into  ravines,  and  from  the  sides 
will  project  thick  walls  of  sandstone  or  marl.  At  Julesburg  the  sand- 
hills form  a  somewhat  conspicuous  feature.  The  soil  of  the  bottoms  is 
so  mixed  with  this  floating  sand  that  it  seems  hardly  ijossible  ever  to 
make  any  use  of  this  region  for  agricultural  purposes.  From  Columbus 
to  Fort  Kearney  there  is  little  or  no  hard  rock  for  building  purposes, 
but  from  Kearney  to  the  North  Platte  two  or  three  moderately-thick  beds 
of  a  fine,  gray,  calcareous  sandstone,  which,  though  soft  and  porous, 
might  be  made  useful  in  the  absence  of  any  other  materials  for  building 
purposes.  The  bottoms  below  the  junction  of  the  North  Platte  are 
quite  fertile,  yielding  from  one  and  a  half  to  two  tons  of  hay  to  the  acre. 
After  passing  beyond  the  junction  of  the  North  Platte,  the  sterility  and 
aridity  increases  until  the  sand  monopolizes  most  of  the  country.  This 
Band  is  mixed  with  small^  water-worn  i)ebble8,  grains  of  quartz,  flesh- 
colored  feldspar,  &c.  Near  Sidney  Station  the  hills  on  either  side  of 
Pole  Creek  are  quite  high  and  rocky,  and  the  rock  is  used  by  the  Union 
Pacific  Eailroad  Company  for  the  foundations  of  the  buildings  at  the 
station.  There  are  several  beds  of  this  rock,  varying  in  texture  from  a 
tine-grained  sandstone,  with  some  water-worn  pebbles,  to  a  flesh-colored, 
marl3^  limestone.  A  bed  of  reddish,  flesh-colored,  indurated,  arenaceous 
clay  is  also  conspicuous.  The  soil  is  everywhere  from  1  to  2 J  feet  thick, 
and  sometimes  fr'om  6  to  8  feet  thick.  The  summit  is  formed  of  a  bed 
of  marly  sandstone  10  to  20  feet  in  thickness,  and  large  masses  of  the 
rock  have  .been  detached  and  fallen  down  the  sides  of  the  hill.  The  lower 
part  is  composed  of  a  light  yellow,  indurated  marl.  A  few  bones 
have  been  found  in  the  rocky,  as  well  as  the  more  yielding  beds  of  this 
locality,  but  they  were  not  sufficiently  characteristic  to  be  determined 
specifically.  But  there  is  one  interesting  feature  of  .this  region  which 
is  worthy  of  notice.  Through  all  these  rocks  there  is  more  or  less  silex 
in  various  forms.  It  sometimes  assumes  the  purer  forms  of  chalcedony, 
and  is  found  in  great  abundance,  forming  specimens  of  considerable 
beauty.  The  Indians,  in  ancient  times,  would  gather  this  flinty  rock 
into  certain  localities,  and  there  manufacture  their  flint  arrow-heads, 
knives,  chisels,  &c.  Around  Pine  Blufls  is  an  abundance  of  these 
chipi>ed  flints,  with  broken  arrow-heads,  &c.  These  more  recent  Ter- 
tiary beds  are  a  portion  of  the  great  basin  to  which  the  "  Bad  Lands  ^ 
properly  belong,  but  they  do  not  always  present  those  rugged  features 
which  are  characteristic  between  White  and  Niobrara  Rivers.  Now 
and  then  there  will  be  a  small  area  which  will  remind  one  of  those  won- 
derful ^'  lands,"  and  the  strata  exposed  give  evidence  of  the  age  and  their 
relation  to  the  White  liiver  beds.  On  the  North  Platte  are  several 
localities  that  form  landmarks,  as  it  were,  which  are  of  very  great 
geological  interest.  Nowhere,  except  close  to  the  base  of  the  moun- 
tains, are  there  any  dislocations  of  strata  or  any  evidences  of  upheaval, 
and  where  there  are  any  hills,  or  ''  buttes,"  as  they  are  called  in  the 
West,  shooting  their  summits  above  the  surrounding  country,  we  know 
that  they  are  monument-s  of  the  past  which  show  that  t\ie  sutiae,^  ol  vjJl 
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the  country  was  once  on  a  level  with  the  summits  of  those  high  hills  at 
least,  perhaps  much  higher,  for  we  cannot  tell  how  much  tlie  summits 
have  suflfeied  erosion  ;  we  only  know  that  the  beds  are  horizontal  up  to 
the  summit,  and  that  there  are  fragments  of  beds  which  we  never  see  else- 
where. The  Court-house  and  Scott's  Bluffs  and  other  well  known  locali- 
ties are  examples.  The  soft,  marly  nature  of  the  rock  causes  it  to  yield 
readily  to  atmospheric  agencies,  and  it  is  thus  worn  into  the  most  fantas- 
tic forms,  often  giving  to  the  scenery  a  wonderfully  i3icturesque  beauty. 
Kear  these  localities  have  been  found  numerous  specimens  of  fossil 
turtles  and  teeth,  and  bones  of  extinct  animals.  Some  of  them  were  ot 
enormous  size,  and  probably  belonged  to  the  huge  species  of  Elephas 
(E,  imperator)j  whose  remains  are  so  abundant  in  the  Pliocene  beds  of 
Niobrara  and  Loup  Fork.  It  would  se«m,  from  the  organic  remains 
found  at  various  localities  along  the  North  Platte,  that  the  Miocene  beds 
of  White  River,  and  the  Pliocene  of  the  Niobrara,  were  represented  thei-e. 

The  formations  along  the  North  and  South  Platte  will  need  a  more 
careful  study  than  I  have  been  able  to  give  them  yet,  before  the  details 
of  the  geology  can  be  written  with  certainty.  We  know,  however,  in  a 
general  way,  that  all  the  rocks  are  of  Tertiary  age.  The  excavations 
made  for  the  Union  Pacific  Railroad,  along  the  valley  of  Pole  Creek  to 
the  foot  of  the  first  range  of  the  mountains,  always  reveal  the  marly 
beds  of  the  Tertiary,  varying  in  color  from  a  chalky  white  to  a  deep 
reddish  flesh  color ;  but  the  superficial  deposits  attract  the  most  atten- 
tion, because  more  easily  seen.  Low  down,  almost  to  the  mouth  of  Pole 
Creek,  the  small  water-worn  pebbles  are  seen  mixed  to  a  considerable 
depth  with  loose  sands  and  marls.  These  pebbles  increase  in  size  as 
we  approach  the  mountains,  and  all  along  the  eastern  slope  are  well- 
worn  boulders,  3  or  4  feet  in  diameter,  and  the  cuttings  for  the  raili-oatl 
show  that  they  extend  down  to  a  considerable  depth.  What  relation 
this  superficial  deposit  of  boulders,  sands,  and  marls  bears  to  the  Ter- 
tiary beds  beneath  it  is  difficult  to  determine  without  a  more  thorough 
examination  ;  but  that  it  is  connected  with  the  latest  period  of  upheaval 
of  the  Rocky  Mountain  range  there  can  be  scarcely  room  to  doubts  1 
shall  discuss  this  subject  in  another  place. 

From  Omaha  to  Cheyenne  City,  five  hundred  and  twenty-five  miles, 
the  ascent  is  quite  gradual  but  persistent.  According  to  the  observa- 
tions of  the  engineers  of  the  Union  Pacific  Railroad,  which  were  made 
with  great  care,  Omaha  is  925  feet  above  the  sea  level,  while  Cheyenne 
City  is  5,085  feet,  averaging  a  little  over  9  feet  ascent  to  the  mile.  This 
point  is  regarded  by  the  railroad  company  as  the  base  of  the  mountains, 
and  here  some  of  their  most  expensive  buildings  will  be  erected.  The 
city  was  laid  out  into  lots  in  July,  18G7,  and  by  December  of  the  same 
year  there  were  from  2,000  to  3,000  inhabitants,  with  some  very  costly 
and  substantial  buildings.  Such  cities,  springing  up  all  along  the  line 
of  the  road,  at  once  called  into  demand  all  the  resources  of  the  country, 
and  the  search  for  building  materials,  fuel,  &c.,  has  commenced  in 
earnest.  Although  the  resources  immediately  around  Cheyenne  are  not 
extensive,  yet  at  a  distance  of  not  over  twenty  miles  into  the  Laramie 
Mountains  timber  is  moderately  abundant,  while  the  best  of  building 
materials,  in  the  shape  of  stone,  are  found  on  every  side.  Even  around 
Cheyenne  some  of  the  marly  Tertiary  sandstones  are  found  to  be  sufli- 
ciently  hard  and  durable  for  houses,  and  General  Stevenson  is  erecting 
a  large  warehouse  of  this  rock.  It  is  used  to  a  great  extent,  and  will 
probably  be  found  to  answer  all  practical  i3urposes,  though  entirely 
devoid  of  beauty.  Some  of  the  beds  of  Tertiary  marl  are  found  to  con- 
tain so  large  a  percentage  of  lime  that  it  is  biuned,  and  is  thought  by 
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some  to  be  of  excellent  quality ;  but  it  lias  a  diii:y  appearance  and 
doe8  not  uiake  a  clean  walL  Near  the  margins  of  the  mountains  there 
are  some  of  the  finest  beds  of  limestone  in  the  West.  The  rock  itself  is 
nearly  white,  and  when  burned  in  a  kiln  produces  a  lime  that  is  as  white  as 
snow,  and  the  walls  of  houses  i>repared  with  it  present  a  most  cheerful, 
hght  appearance.  There  is  the  greatest  abundance  of  these  rocks ;  these 
carboniferous  limestones  sometimes  attain  a  thickness  of  1,000  to  1,500 
feet.  The  roads  up  to  the  margins  of  the  Laramie  Mountains  are  excel- 
lent, and  the  ascent  is  gradual,  so  that  transportation  is  comparatively 
easy.  From  Cheyenne  to  the  summit  of  Laramie  Mountains  the  distance 
is  about  twenty  to  thirty  miles,  and  the  elevation  is  7,297 — an^increase 
hi  the  ascent  in  this  distance  of  nearly  90  feet  to  the  mile.  From  Chey- 
enne to  the  summit  of  the  mountains  the  railroad  passes  up  a  ridge 
which  is  quite  remarkable,  and  seems  especially  adapted  to  the  location 
of  this  great  national  road.  On  either  side  for  many  miles  no  such 
range  can  be  found,  rising  gradually,  as  it  were,  to  the  very  summits, 
without  any  of  the  abrupt,  rugged  places  which  are  so  common  every- 
whei-e  along  the  margins  of  the  mountains.  Usually  there  is  a  deep 
valley  scooped  out  by  glacial  action  all  along  the  immediate  base  of  the 
mountains,  which  would  prove  a  serious  obstacle  in  the  building  of  a 
road,  but  liere,  for  a  belt  of  five  to  fifteen  miles  in  width,  this  erosive 
action  seems  to  have  been  checked  for  the  time,  leaving  one  of  the  most 
remarkable  inclined  planes  I  have  ever  seen  along  the  momitain  slopes. 
The  basis  rocks  are  unquestionably  Tertiary,  probably  later  Pliocene, 
but  scattered  all  over  the  surface  are  many  water-worn  boulders,  and 
the  cuttings  of  the  road  reveal  a  considerable  thickness  of  superficial 
material  filled  with  worn  rocks  of  every  size  and  variety,  most  of  them 
evidently  having  their  origin  in  the  nucleus  of  the  mountains.  The 
rocks  which  compose  the  true  Tertiary  beds  seem  changed  here. 
All  the  hard  strata  are  formed  of  an  aggi^egation  of  crystals  of  quartz, 
feldspar,  and  small,  water-woni  pebbles,  making  a  kind  of  pudding- 
stone,  and  interstratified  are  these  layers  of  whitish  and  yellowish  clay, 
loose  sand,  or  marl,  the  whole  indicating  a  deposition  in  disturbed 
waters.  This  deposition  must  have  taken  place  here  also  after  the 
Rocky  ^Mountains  had  reached  their  present  elevation,  or  nearly  so,  for 
these  beds  jut  up  against  the  inclined  older  formations,  reposing  uncon- 
lonnably  on  them.  Indeed,  in  all  the  little  valleys  of  the  mountains, 
patches  of  these  Tertiary  beds  may  be  found,  sometimes  resting  high 
n\}ou  the  margins,  but  in  all  cases  nearly  or  quite  horizontal.  Farther 
north,  about  fifty  miles  above  Fort  Laramie,  and  near  the  lied  Buttes,  I 
have  seen  these  beds  dipping  at  an  angle  of  50^,  showing  that  they 
partook  of  the  last  period  of  elevation.  At  another  locality,  near  the 
margin  of  the  mountains,  at  least  7,000  feet  above  the  sea,  a  bed  of  Ter- 
tiary sandstone  inclined  eastward  from  the  mountains  10^.  These  beds 
here  are  conlposed  of  materials  more  or  less  coarse ;  some  layers  made 
up  of  crystals  of  quartz  and  feldspar,  with  now  and  then  a  rounded  pebble ; 
sometimes  loosely  aggregated,  then  cemented  into  a  firm  rock;  then 
coarse  beds  like  conglomerate.  These  beds  attain  here  a  great  thick- 
ness, evidently  not  less  than  from  500  to  COO  feet.  By  examining  the 
border  lines  between  the  Pliocene  Tertiary  and  the  Eocene  coal  beds, 
a  little  farther  to  the  southward,  it  will  be  seen  at  once  that  they  do  not 
conform.  This  same  w  ant  of  exact  conformability  is  seen  all  along  the 
slope  of  the  mountains  to  the  South  Pass.  Near  Carmichael's  Canip,  or 
Evans  Pass,  the  older  rocks  appear  from  beneath  the  Tertiary,  inclining 
in  regular  sequence  from  the  mountain  nucleus.  The  Carboniferous  av\d 
the  red  or  Triassic  beds  are  all  that  are  exj^osed  to  view,  J  vist  at  t\i\a\Q- 
II.  Ex.  19 4 
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cality  all  the  more  recent  formations,  as  Jurassic,  Cretaceous,  and  Eocene 
Tertiary,  are  concealed  by  the  immense  deposit  of  recent  Tertiary,  yet 
all  these  formations  are  exposed  in  full  force  within  a  few  miles  on  either 
side  north  or  south  of  this  poitit.  Nowhere  on  either  side  of  this  ran^e 
south  of  Laramie  Peak  was  I  able  to  find  any  rocks  below  the  CaH>onii- 
erous  limestones  and  next  to  the  metamorphic  rocks  that  alonj^  the 
Wind  River,  Big  Horn  Mountains,  and  the  Black  Hills,  I  have  hitherto 
called  the  Potsdam  sandstone.  A  section  along  the  upturned  edges  of 
the  beds  from  the  syenite  nucleus  would  be  as  follows: 

1.  Lighi-gray,  compact,  siliceous  limestone,  2  feet. 

2.  Reddish  laminated  sandstone,  10  feet. 

3.  Light-gray,  limestone-like  bed,  50  feet. 

4.  Fine  reddish  sandstone,  40  feet. 

5.  Light-gray,  bluish  limestone,  10  feet. 

6.  A  reddish  calcareous  sandstone,  6  feet. 

7.  Light-gray  limestone,  30  feet. 

8.  Reddish  laminated  sandstone,  some  parts  quite  soft,  20  feet. 

9.  Bluish  limestone,  10  feet. 

10.  Reddish  laminated  sandstone,  10  feet. 

11.  Bluish,  hard  limestone,  15  feet. 

12.  Reddish  laminated  sandstone,  4  feet. 

13.  Excellent  white  limestone,   with  Productus  Prattenianhs^  Athym 

suhtilita,  &c.,  150  feet. 

The  above  section  is  given  simply  to  show  the  lithologicjal  character  of 
these  Carboniferous  beds,  that  the  brick-red  character  is  not  confined  to 
the  supposed  Triassic.  The  thickness  stated  is  merely  ai)proximative. 
The  whitish  limestones  are  quite  persistent  in  their  characters,  but  the 
other  beds  are  variable,  sometimes  massive  or  laminated,  siliceous  or 
arenaceous,  bluish  or  reddish  here,  &c.  The  dip  is  also  variable  from 
20^  to  450  southeast.  Looking  from  the  top  of  the  hills  into  the  valleys 
below,  we  can  see  the  white  beds  of  the  Tertiary  jutting  up  against  the 
older  rocks,  or  in  isolated  patches  high  on  the  sides,  easily  detected  by  the 
eye  far  distant,  by  the  numerous  eroded  surfaces.  When  the  eye  has 
become  familiar  with  the  lithological  characters  of  the  ditt'erent  geologi- 
cal formations  it  is  easy  to  detect  them  even  in  the  distance,  and  j^ 
far  as  the  eye  can  reach  the  rocks  belonging  to  the  great  Tertiary 
basins,  the  Miocene  and  Pliocene  White  River  and  Niobrara  deposits, 
and  the  Eocene  and  Miocene  lignite  beds.  The  former  always  has  a  light 
color,  and  in  almost  all  cases  presents  many  eroded  bare  spots,  which 
seem  of  a  much  lighter  color  in  the  distance,  while  the  rocks  of  the 
latter  basin  always  exhibit  a  brown,  somber  hue,  each  one  possessing 
numerous  characters  which  to  the  practiced  eye  are  unmistakable.  In 
1859  I  detected,  through  a  glass,  from  the  base  of  the  Black  Hills,  some 
isolated  ridges,  thirty  miles  distant,  which  appeared  to  be  the  White 
River  Tertiary  beds  superimposed  on  the  lignite  beds.  Anxious,  at  that 
time,  to  show  the  relations  of  the  two  great  basins  to  each  other  by 
actual  contact,  I  rode  to  them  and  found  them  to  be  as  1  had  conjectured, 
and  thus  I  was  enabled  to  solve  the  desired  problem.  Indeed,  all  the 
geological  formations  of  the  West  possess  certain  lithological  lineaments 
causecl  by  the  varied  effects  of  atmospheric  influences  which  are  unmis- 
takable to  the  practiced  eye.  As  I  have  before  remarked,  no  unchange<l 
sedimentary  rocks  are  seen  in  this  region  between  the  true  Carboniferous 
and  the  metamorphic,  and,  consequently,  we  pass  directly  to  the  nucleus 
of  the  Laramie  range.  The  principal  rocks  are  syenite,  and  it  presents 
almost  every  variety,  from.an  exceedingly  compact,  coarse-grained  mass, 
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almost  destitute  of  hornblende,  to  a  very  coarse  aggregate  of  quartz, 
feldspar,  and  hornblende,  the  large,  reddish  crystals  of  feldsi)ar  being  the 
most  conspicuous.  Most  of  these  metamorpiiic  rocks  contain  consider- 
able iron,  probably  originally  in  the  state  of  sulphuret,  which  has  caused 
the  separation  of  the  crystals  of  feldspar,  and  there  seems  to  be  all  over 
the  surface  of  the  country  on  the  suramits  of  this  range  a  heavy  super- 
ficial deposit  which  is  mostly  made  np  of  small  masses  of  feldspar. 
When  this  material  is  abundant  it  forms  the  finest  of  roads,  which  are 
very  smooth.  This  tendency  to  disintegration  seems  to  characterize  all 
the  metamorphic  rocks  of  this  region,  and  thus  they  are  often  worn  into 
some  wonderi'ully  fantastic  forms.  Tliese  massive  granite  piles  are  not 
uncommon  all  along  the  summits  of  the  mountain  ranges,  and,  standing 
So  clear  above  the  general  level  of  the  country,  seem  more  like  immense 
boulders  tmnsported  from  some  more  northern  region.  Yet  these  mas- 
sive piles,  while  they  do  not  seem  to  reveal  any  distinct  signs  of  stratifi- 
cation, extend  along  the  mountains  in  definite,  rather  narrow  belts,  with 
a  course  about  nortliwest  and  southeast.  The  illustration  given  above 
shows  the  forms  of  these  massive  piles  of  rocks  as  they  are  seen  in 
hundreds  of  localities.  The  evidence  is  quite  clear  that  all  the  rocks 
which  are  exposed  in  this  Laramie  range  are  really  stratified  metamor- 
phic rocks  in  nearly  or  quite  a  vertical  position.  Sometimes  tiie  seams 
are  of  trap  or  greenstone,  then  quartz  or  clay  slate,  extending  in  definite 
lines,  and  all  parallel.  The  corners  are  still  very  sharp,  as  if  time,  which 
rounds  oflf  the  hardest  granite,  could  not  affect  this.  It  forms  exceed- 
ingly beautiful  and  picturesque  scenery,  and  must  prove  an  elegant  and 
durable  rock  for  building  purposes.  Some  of  the  massive  piles  of  syenite 
near  the  sources  of  Dale  Creek  are  very  close  grained,  and  would,  if  i)ol- 
ished,  be  almost  as  handsome  for  building  purposes  or  monuments  as 
the  Scotch  syenite.  Mr.  S.  B.  Keed,  engineer  of  construction,  Union 
Pacific  Kailroad,  first  called  my  attention  to  this  fine  syenite,  and  it  is 
now  proposed  to  transport  this  rock  from  the  summit  of  the  Rocky 
Mountains  to  Omaha  to  construct  the  piers  of  the  bridge  across  the 
Missouri  Iliver.  Again,  these  granite  masses  assume  forms  sometimes 
looking  like  a  figure  with  its  broad  cap,  then  apparently  just  poised 
ready  to  tumble  down  into  the  ravines  below,  where  thousands  of  simi- 
lar masses  may  be  seen  which  have  fallen  at  different  times. 

Flowing  among  these  hills  are  some  of  the  purest  streams  of  water 
that  the  mountains  aftbrd,  well  stocked  with  trout.  Sometimes  in  the 
level,  prairie-like  portions  of  the  mountains,  these  streams  are  so  deep 
and  the  borders  so  boggy  that  it  is  diflicult  to  cross  them,  and  the  dams 
of  the  beaver  add  to  the  difiiculty;  all  through  the  mountains  are 
thousands  of  beautiful  valleys  filled  with  springs  and  small  streams, 
with  a  fine  growth  of  grass :  quite  large,  prairie-like  areas,  sometimes 
nearly  level,  or  slightly  undulating,  dotted  over  with  monumental  piles  of 
granite,  syenite,  gneiss,  or  slate.  Continuous  ridges,  rising  up  in  the 
prairie,  are  not  uncommon,  while  the  eroded  or  disintegrated  materials, 
clothed  with  vegetation,  so  conceal  the  rocks  sometimes  for  miles 
around  that  the  country  looks  like  a  plain.  Occurring  quite  frequenth', 
but  not  as  common  as  the  syenite  rocks,  are  stratified  gneiss  ridges 
which  extend  also  across  the  summit  of  the  mountains  in  definite  lines. 
In  most  cases  these  rocks  seem  to  be  vertical,  but  sometimes  they  are 
inclined  ;  but  taken  in  the  aggregate  no  dip  in  any  particular  direction 
could  be  obtained. 

The  timber  in  these  mountains  is  mostly  pine  and  spruce,  but  it  is  by 
no  means  abundant.  There  are  no  dense  forests  just  along  t\i<i  ivxvaie- 
diate  line  of  milroad    The  soil  in  these  mountains  is  exceWeut  and  \>to- 
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duces  a  good  growth  of  vegetation,  bnt  it  is  hardly  probable  that  any 
attempt  will  be  made  to  cultivate  land  so  much  elevated  above  the  sea 
level.  As  we  descend  the  western  slope  of  the  Laramie  range  into  the 
plains,  the  brick-red  beds  which  are  seen  on  the  eastern  margin  again 
appear,  inclining  westward.  It  is  then  evident  at  a  glance  that  tbese 
beds  are  the  counterparts  of  those  on  the  opposite  side,  and  that  prior 
to  the  elevation  of  the  mountains  they  extended  without  a  break,  and 
in  a  horizontal  position  over  the  area  occupied  by  the  metamorphic 
rocks.  Even  the  moderately-thick  covering  of  vegetation  on  the  west- 
ern margin,  and  extending  far  into  the  plains,  cannot  conceal  the  brick 
red  color  of  the  earth  beneath.  This  fact  gives  a  singular  appearance  to 
the  scenery,  and  as  these  red  beds  are  gypsiferous,  a  white  efflorescence 
covers  the  surface  in  low  wet  places  in  the  dry  season  of  autumn.  This 
Avhite  material,  which  is  most  abundant  everywhere  throughout  the 
Plains,  is  called  alkali  by  travelers.  These  red  beds  seem  here  to  rest 
directly  upon  a  dull-red  gianitoid  rock,  which  on  exposure  to  the  atnio- 
si)here  readily  disintegrates,  so  that  there  is  a  great  thickness  of  debris 
composed  for  the  most  part  of  feldspar  crystals.  The  Carboniferous  beds 
extend  down  the  western  slope  in  ridges,  as  if  the  erosive  power  hml 
acted  in  grooves  or  channels,  leaving  alternate  valley  and  ridge.  A  sec- 
tion  of  one  of  these  will  include  most  of  the  beds  visible  here,  aud 
convey  a  pretty  clear  idea  of  their  composition. 

C.  A  compact,  thin  layer  of  arenaceous  limestone,  containing  a  species 
of  OrthiSj  forms  the  summit,  4  feet. 

5.  Fine  sandstone,  easily  disintegrated,  with  very  irregular  lamiuie ;  a 
rather  light-red  rock,  100  to  100  feet. 

4.  Yellowish-white  limestone,  excellent  quality,  2  feet. 

3.  Brick-red  fine  sand,  with  spots  of  white  sand-rock  ;  irregular  lamina 
of  deposition. 

2.  Very  hard,  bluish  limestone,  filled  with  comminuted  crinoidal  re- 
mains, 6  to  8  feet. 

1.  Loose,  brick-red  material,  giadually  passing  up  into  a  brick-red,  fine, 
compact  sandstone,  100  feet. 

The  brick-red  beds  I  have  been  accustomed  to  regard  as  Triassic,  but 
it  is  evident  that  this  color  is  not  confined  to  them,  but  is  also  common 
to  the  Carboniferous  rocks.  The  evidence  seems  to  point  to  the  conclu- 
sion that  in  this  immediate  vicinity  the  beds  are  of  Carboniferous  age, 
and  that  there  are  none  of  the  true  gypsiferous  beds  occurring  here,  on 
either  side  of  the  range.  The  disintegration  of  beds  2  and  3  ])roduces 
the  superficial  red  earth  which  covers  so  much  of  the  Plains.  The  lower 
part  of  bed  1  is  composed  of  loose,  red  material,  with  the  seams  of 
harder  laminated  rock,  with  one  or  two  seams  of  gray,  rather  coarse- 
grained sandstone.  The  rock  seems  to  be  an  aggregate  of  particles  of 
quartz.  This  is  to  some  extent  a  gypsiferous  deposit,  and  it  is  not 
strange  that  the  soil  composed  of  the  disintegrated  materials  of  these 
beds  should  be  alkaline.  Bed  2  is  a  solid,  massive  limestone,  comi>osed 
almost  entirely  of  fragments  of  crinoids,  one  of  which  was  nearly  per- 
fect. This  bed  will  be  very  useful  for  building-stone  or  lime.  The  in- 
clination of  the  beds,  as  shown  by  these  ridges,  varies  from  3^  to  25^. 
But  what  adds  much  to  the  character  of  the  scenery  is  the  fantastic 
shapes  these  sandstones  present  through  atmospheric  action.  Some- 
times the  ridges  taper  down  to  j^  point,  the  sides  presenting  the  most 
rugged  appearance,  while  the  summits  project  in  domes,  columns,  &c. 
Then  again  there  are  rounded  masses,  looking  in  the  distance  like 
boulders,  and  on  near  approach  the  well-furrowed  sides  can  be  seen. 
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111  is  sandstone  is  much  in  use  at  Fort  Sanders  for  the  construction  of 
houses.  It  works  Q^sily,  and  seems  to  be  durable,  but  some  of  it  must 
disintegrate  too  readily.  There  are  portions  of  it,  when  quarried  out, 
of  a  light-brown  color,  which  do  not  seem  to  have  been  penetrated  with 
the  sesquioxide  of  iron.  There  are  also,  in  the  different  layers,  fine 
examples  of  waved  surfaces. 

The  limestone  has  been  used  at  the  fort,  and  found  to  be  of  the  best 
quality. 

The  Laramie  Plains  are  surrounded  with  mountains  as  with  a  wall, 
and  the  scenery  on  a  clear  day  is  extremely  tine.  Along  the  west  mar- 
gin of  the  first  or  Laramie  range  the  hills  slope  gently  down  into  the 
plains,  and  are  apparently  lost  in  the  level  beyond.  It  is  an  important 
question  to  determine  whether  these  plains  can  be  cultivated  with  any 
success.  That  towns  and  cities  will  be  springing  up  all  along  the  line 
of  this  great  national  highway  is  already  rendered  certain,  and  much  of 
the  land  has  been  taken  by  preemption.  General  Gibbons  made  an 
attempt  to  raise  garden  vegetables  in  18G7j  but  he  began  too  late  in  the 
season.  In  October,  beets,  lettuce,  turnips,  cabbage,  &c.,  were  still 
^[rowing,  and  from  the  appearance  of  the  vines  I  thought  there  were 
some  good  potatoes.  Irrigation  is  required,  and  another  season  General 
Gibbon  is  confident  of  success.  Fort  Sanders  is  the  most  comfortable 
military  post  I  have  seen  in  the  West.  Fine  streams  of  water  are  caused 
to  flow  all  through  the  grounds,  so  that  the  best  of  spring  water  is  at 
every  one's  door.  About  eight  miles  from  Fort  Sanders  is  a  sulphur 
spring,  which  may  eventually  become  of  some  importance.  There  are 
many  other  large  springs  in  the  plains.  On  both  sides  of  the  moun- 
tauis,  and  about  them,  places  of  resort  for  health  and  pleasure  will  be 
erected  at  no  distant  day.  East  of  the  Big  Laramie  River  the  Plains 
seem  to  be  covered  with  the  debris  of  the  red  beds,  and  I  looked  in  vain 
for  some  evidence  of  the  existence  of  the  Cretaceous  rocks  which  should 
be  represented.  Near  the  Big  Laramie  Stage  Station  about  10  feet  of 
black  slate  is  exposed,  which  is  evidently  of  the  age  of  the  Fort  Benton 
Group.  There  were  an  abundance  of  fish  scales  and  Ostrea  congests.  This 
bed  is  exposed  only  for  a  short  distance,  and  the .  strata  are  apparently 
perfectly  horizontal.  On  the  east  side  of  the  river,  farther  up  about  ^\e 
miles,  is  a  long  ridge,  which  is  formed  of  yellow  arenaceous  marl,  with  a 
layer  2  feet  thick  of  rusty  concretionary  sandstone,  with  fish  scales,  sharks' 
teeth,  and  finely-comminuted  shells,  30  toaO  feet  in  thickness.  These  Cre- 
taceous beds  seem  to  be  lithologically  like  those  that  occur  along  the  slope 
of  the  Big  Horn  Mountains,  and  they  do  not  preserve  their  distinctive 
characters  anywhere  in  the  vicinity  of  the  mountain  ranges  as  well  as 
00  the  Missouri  River.  The  subdivisions  are  not  always  as  distinct, 
yet  it  is  hardly  possible  to  mistake  them.  The  ubiquitous  Ostrea  con- 
gesta  always  marks  divisions  2  and  3  at  localities  however  widely  sepa- 
rated geographically.  About  four  miles  above  the  station,  immediately 
along  the  river,  a  bed  of  yellow  chalky  shale  was  observed,  in  which 
well-defined  specimens  of  Ostrea  congesta  were  found,  and  its  calcareous 
character  showed  it  to  belong  to  the  Niobrara  Group.  The  rusty  layers 
on  the  east  side,  which  hold  a  higher  position,  might  belong  to  tlie  Fox 
Hills  Group.  The  layer  of  harder  rock  was  a  rusty,  rotten  sandstone, 
with  some  clay  intermixed.  Many  of  the  high  ridges  that  come  down 
from  the  slopes  of  the  mountains  on  each  side  of  the  river  seem  to 
be  composed  of  Cretaceous  beds,  so  that  there  is  ample  room  for  all  the 
divisions  to  be  represented.  So  far  as  I  could  determine,  the  Cretaceous 
beds  extend  about  fifteen  miles  above  on  the  south,  and  ten  miles  \>v^\o\\ 
on  the  north  of  Fort  Sanders^  and  on  the  east  side  of  t\ie  Lar^u\\<;^ 
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Eiver  about  five  miles,  so  that  the  red  beds  slope  down  from  the  moun- 
taius  and  pass  from  sight  directly  under  them. 

About  eight  miles  west  of  Fort  Sanders,  near  the  valley  of  the  Little 
Laramie  River,  there  is  an  exposure  fifty  feet  or  more  in  thickness  of 
thinly-laminated  shalj^,  light,  rust-colored  beds  of  the  Niobrara  DivisioD, 
containing  a  great  abundance  of  well-defined  specimens  of  Ostrea  can- 
gesta^  in  most  cases  attached  to  another  large  shell  with  a  somewhat 
remarkable  fibrous  structure,  observed  long  sinc«  on  the  JNIissouri  Kiver 
and  in  other  i>laces.  This  shell  is  here  broken  iuto  fragments  for  the 
most  part,  yet  the  outline  is  seen  complete,  though  it  is  quite  impossible 
to  i)rocure  perfect  specimens  of  it.  There  is  no  doubt,  however,  that  it 
is  an  nudescribed  species  of  Inoceramus  of  large  size,  sometimes  a  foot 
or  more  in  diameter,  to  the  smooth  sides  of  which  this  little  oyster 
seemed  to  have  a  strong  tendency  to  attach  itself.  At  the  base  of  this 
exposure  there  is  a  dark-bluish,  marly  shale,  which  has  the  peculiar 
jointed  structure  of  the  Fort  Pierre  Group.  These  vertical  joints  run 
nearly  northeast  and  southwest.  Everywhere  this  bed  is  cut  through 
in  a  remarkable  manner  by  these  vertical  lines.  All  through  these  beds 
are  seams  varying  from  1  to  6  inches  or  more  in  thickness,  of  calc-spar, 
often  cutting  the  beds  at  right  angles.  There  are  also  some  apparently 
fibrous  seams  that  are  horizontal.  Over  the  surface  are  abundant  frag- 
ments of  a  rusty,  argillaceous  limestone,  like  that  scattered  over  the 
creta(?eous  hills  bordering  on  the  great  bend  of  the  Missouri  Kiver, 
which  would  indicate  the  former  existence  of  the  Fort  Pierre  Group. 
On  the  summit  of  this  exposure  are  layers  of  whitish,  chalky  rock, 
which  is  unmistakably  No.  3,  so  that  we  may  conclude  tlmt  we  find  in 
the  Laramie  Plains  certainly  Nos.  2  and  3,  and  probably  No.  4,  of  the 
divisions  of  the  Cretaceous  as  developed  along  the  Missouri  River. 
There  is  another  remarkable  feature  about  this  valley,  as  I  have  called 
it — that  is,  that  it  has  no  outlet.  It  is  about  two  miles  wide  and  ten  or 
fifteen  long,  and  has  a  drainage  like  the  valley  of  some  stre^im,  and  yet 
it  has  no  connection  with  any  permanent  stream  and  ends  abruptly  at 
either  extremity.  Through  the  kindness  of  General  Gibbons,  com 
manding  Fort  Sanders,  I  was  enabled  to  visit  the  coal  fields  on  Rock 
Creek,  a  branch  of  the  Medicine  Bow,  under  the  most  favorable  auspi- 
ces. A  few  inches  of  snow  had  fallen  the  day  before  we  left  for  Rock 
Creek  which  obstructed  our  examinations  somewhat,  but  w^e  obtained 
facts  enough  to  show  that  there  is  here  the  eastern  limit  of  a  most  valu- 
able coal-basin,  which  will  yet  have  a  marked  influence  on  the  devel- 
opment of  the  West.  The  beds  of  lignite  are  exposed  in  hundreds  of 
localities  over  an  area  at  least  forty  miles  in  width  and  over  two  hun- 
dred miles  in  length.  The  report  of  Mr.  Van  Lennep,  geologist  to  the 
Union  Pacific  Railroad,  indicates  more  than  fifty  localities  w^here  good 
beds  of  lignite  are  exposed  along  the  Medicine  Bow  River  alone.  And 
other  facts  show  that  we  have  here  from  5,0U0  to  8,000  square  miles  of 
coal  at  least.  It  is  only  necessary  in  this  connection  to  state  the  fact  that 
this  railroad  is  now  being  cut  directly  through  the  length  of  this  great 
coal  basin. 

The  first  exposures  that  I  saw  of  the  coal  were  about  eight  miles 
west  of  Cooper's  Creek.  Here  we  found  several  beds,  which  seemed 
to  have  been  brought  to  the  surtace  by  the  ui)heaval  of  the  mount- 
ains. The  inclinations  of  the  strata  are  from  5^  to  25^  at  the  open- 
ing, but  gradually  becoming  horizontal  as  they  recede  from  the  mount- 
ain. The  coal  beds  vary  from  1  to  10  feet  in  thickness,  and  the  coal 
resembles  in  its  appearance  the  best  quality  of  coals  in  Pennsylvaniti. 
In  some  of  the  beds  are  solid  seams  2  to  0  inches  in  thickness,  of  a  ma- 
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terial  very  like  cannel  coal,  as  if  the  vegetable  matter  of  which  it  was  ^ 
formed  was  originajly  in  a  pulpy  state.  Even  when  taken  from  the  out- 
croppings,  where  it  had  been  more  or  less  exi)osed  to  tbe  atmo8i)bere, 
this  lignite  burned  quite  well,  with  some  draught.  The  interest  in  these 
fields,  which  the  supposed  future  demand  for  fuel  in  this  region  has 
bix)ught  about,  is  very  great,  and  large  numbers  of  claims  have  been 
taken  up.  Iron  ore  is  found  also  in  the  vicinity,  but  to  what  extent  I 
could  not  determine.  Stray  fragments  of  the  carbonate  of  iron  have 
been  washed  down  the  valleys  of  the  little  streams  from  the  mountains, 
and  it  no  doubt  exists  in  large  quantities  somewhere  toward  the  sources 
of  these  streams.  All  these  beds  repose  on  well-marked  Cretaceous 
rocks,  and  among  some  plants  found  in  concretions  in  a  bed  beneath 
the  first  bed  of  coal  seen,  were  a  species  of  Fopulus  and  a  Platanm 
apparently  identical  with  those  occurring  on  the  Missouri  river.  As 
we  proceed  westward  the  coal  formations  become  much  more  exten- 
sive, and  a  number  of  beds  of  coal  are  exposed.  From  the  best  infor- 
mation I  could  obtain  exposures  have  been  observed  in  a  hundred 
places  or  more  all  the  way  to  Great  Salt  Lake.  A  remarkable  feature 
in  this  vicinity  was  the  evidences  of  Drift  or  glacial  action  along  the 
foot  of  the  mountains.  The  Medicine  Bow  range  extends  nearly  north- 
east and  southwest,  and  all  along  the  northeastern  base  broad  deep 
valleys  are  scooped  out,  leaving  lofty  ridges  sometimes  broken  and 
sharp  at  the  top,  500  to  1000  feet  in  height,  formed  to  a  great  depth  of 
materials  of  various  kinds,  with  different  degrees  of  fineness,  mingled 
with  water-worn  rocks,  while  the  southwest  sides  are  completely  paved 
with  rocks,  some  worn  and  others  angular,  as  if  the  transporting  power 
had  l>een  checked  at  the  summit  of  the  hill,  and  melting  away,  had 
dropped  its  burden  on  the  summit  and  side  of  the  hill.  The  opposite 
side  is  usually  almost  free  from  rocks,  and  not  imfrequently  reveals  the 
basis  formations  as  near  Cooper's  Creek,  the  rusty  arenaceous  concre- 
tions projecting  from  the  sides  of  the  hills  were  tilled  with  a  species  of 
Inoceramus  that  indicate  several  hundred  feet  of  the  Fox  Hills  Groui). 
After  having  made  some  brief  examinations  as  far  as  Kock  Creek  we 
returned  to  Fort  Sanders,  and  prepared  to  start  for  Denver,  October,  1867, 
along  the  overland  stage  route  over  the  mountains.  Our  course  across 
the  mountains  was  nearly  southeast  over  a  most  excellent  road  macada- 
mized with  feldspar  crystals.  As  we  passed  up  the  western  slope  the  same 
red  beds  and  layers  of  limestone  as  before  described  could  be  seen  in- 
clining at  various  angles. 

Before  reaching  the  summit  also  piles  of  rotten  syenite  occur.  Far 
to  the  southwest  the  sharp  snow-clad  peaks  of  the  main  range  could  be 
seen,  much  of  the  time  invested  with  clouds.  A  light  snow  had  fallen 
the  day  before,  adding  much  to  the  beauty  of  the  scenery,  but  conceal- 
ing the  surface  in  most  instances.  The  rugged  piles  of  syenite,  how- 
ever, could  be  seen  on  every  side,  like  monuments  left  after  erosion.  I 
am  inclined  to  think  that  they  are  due  to  atmospheric  agencies,  and  not 
to  any  local  outbursts  or  upheavals,  and  that  all  these  beautiful  valleys 
which,  like  that  of  Dale  Creek,  have  been  admired  by  all  travelers,  are  en- 
tirely due  to  the  wearing  away  of  the  rocks  by  water.  The  soil  is  good, 
and  "the  superficial  materials  or  d(5bns,  as  we  may  call  the  more  recent 
de[>osit  which  forms  the  immediate  surface,  is  quite  thick.  The  vegeta- 
tion which  clothes  the  ground  is  quite  abundant — grass,  reeds,  and 
smaller  shrubs,  but  the  larger  trees  are  scarce  over  large  areas.  Along 
the  northeastern  margins  of  the  Medicine  Bow  Mountains  there  an^ 
some  dense  forests  of  the  Douglass  spruce  (Ahies  Z>0M{jf^<i88i^,  vrluviVi  \^ 
used  extensiveJj  by  the  Union  Pacitic  Eailroad  for  ties,  audit  9>u\\)3L^^<i^ 
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all  other  timber  for  that  purpose.    These  trees  are  often  as  straight  as  an 
arrow  for  80  feet.    They  seldom  attiiia  a  larger  size,  so  that  the  logs 
are  hardly  large  enough  for  lumber.    Houses  are  built  of  it  by  sawing 
the  logs  into  two  portions,  and  laying  the  sawed  side  out,  and  thus 
some  of  the  handsomest  buildings  at  Fort  Sanders  are  constructed. 
Pine  is  not  uncommon,  yet  there  are  no  dense  forests  of  it,  as  we  might 
expect  in  so  mountainous  a  region.    On  the  summits  of  the  mountains 
it  seems  to  grow  low  and  scraggy,  as  if  it  drew  but  a  scanty  nourish- 
ment from  the  soil.    In  other  localities  it  rises  to  the  dignity  of  afore^^t 
tree  80  to  100  feet  high,  and  has  a  trunk  large  enough  for  mill  logs. 
The  little  cottonwood,  quaking  asp,  alder,  and  some  other  small  trees 
and  bushes  occur,  but  they  are  very  thinly  represented,  and  would  fur- 
nish a  very  scanty  supply  of  fuel.    After  passing  the  summit  we  descend 
into  the  most  beautiful  and  picturesque  valley  along  the  overland  route, 
Virginia  Dale.    Dale  creek  is  a  branch  of  the  Cache  la  Poudre,  and  is 
composed  of  a  number  of  branches  ramifying  through  the  mountains, 
filled  with  trout.    The  water  is  most  pure  and  delightful  to  the  taste. 
It  is  a  curious  fact  that  while  some  of  the  branches  of  the  North  Platte 
rise  in  the  divide  with  those  of  the  South  Platte,  yet  not  a  single  trout 
has  ever  been  seen  in  any  of  the  waters  of  the  Korth  Platte ;  while  in 
every  mountain  stream  emptying  into  the  South  Platte  the  trout  are 
very  abundant.    I  have  regarded  the  cause  of  the  absence  of  trout  in 
the  North  Platte  due  to  the  existence  of  the  great  amount  of   alka- 
line matter  all  along  its  valley,  which,  mingling  with  the  water,  is  de- 
structive to  the  trout,  but  not  to  the  ordinary  kinds  of  fish.     On  either 
side  of  the  road  high  mountain  peaks  rose  like  a  wall,  but  in  a  south- 
westerly direction  the  beautiful  mountain  called  Long's  Peak,  with  the 
extensive  and  lofty  range  to  which  it  belongs,  could  be  seen.     I  found 
along  the  road  in  passing  through  this  valley  even  to  the  Cjiche  la  Poudre, 
comparatively  little  rock,  but  the  different  varieties  of  syenite.     In  one 
instance  I  found  some  mica  schist,  but  as  a  general  rule  mica  is  wanting. 
In  Virginia  Dale  I  found  some  high  masses  of  the  red  feldspathic  granite 
with  small,  thin  plates  of  mica.    This  is  the  first  true  granite  I  have 
noticed.    There  are  also  thin  seams  of  large  crystals  of  feldspar.    The 
granite  here  is  elevated  in  huge  piles  with  vertical  and  horizontal  part- 
ings, so  that  it  is  separated  into  massive  blocks  10  to  15  feet  on  a  side 
in  dimensions.    This  granite  would  be  very  durable  for  buildings — is 
not  very  coarse,  although  it  is  a  mere  aggregate  of  the  three  constitu- 
ents.   There  are  also  dikes  or  wedges  of  liornblendic  slate  and  gieen- 
stone,  and  seams  of  white  quartz  are  not  uncommon.    Near  Yirgini*'^ 
Dale  Station  there  is  a  huge  massive  pile  of  rock  forming  the  side  of  the 
canon  of  the  stream  GOO  feet  high.    It  is  a  coarse  feldspathic  granite, 
the  feldspar  predominating  in  large  crystals  of  a  reddish  hue.     Near 
Stonewall  Rauch,  on  the  east  side  of  the  range,  there  is  an  immense 
I)yramidal  pile  composed  of  the  red  beds,  which  are  nearly  horizontal. 
At  the  bavse  there  is  a  whitish,  gypsiferous  sandstone,  and  from  there,  in 
ascending  order  are  350  to  400  feet  of  alternate  layers  of  tine  brick,  red 
grit  and  harder  red  sandstone,  the  harder  layers  projecting  out  from  the 
nearly  vertical  sides.  These  rocky  layers  vary  from  1  to  10  feet,  and  the 
loose  material  4  to  30  feet  in  thickness.  These  reddish  rocks  form  a  sort  of 
wall  along  the  road  tor  miles.    Near  the  summits  are  some  beds  of  brown 
limestone  like  thelimestone  layersne.ar  Fort  Sanders,  and  although  I  found 
no  fossils,  I  do  not  hesitate  to  regard  them  as  of  Carboniferous  age.    This 
range  of  hills,  alter  extending  southeastward  along  the  road  for  a  mile 
or  more,  in  a  nearly  horizontal  position,  commence,  inclining  1^,  then  a 
Jjttle  farther  5^  to  7^.    The  direction  of  the  dip  is  southeast  again  5  the 
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(lip  is  14^,  and  still  farther  the  whole  series  inclines  10^,  11^  to  17°,  and 
in  .some  instances  30^.    On  the  summit  there  is  a  bed  of  yellowish  lime- 
stone rcstincj  upon  the  reddish  sandstoue,  10  to  15  feet,  then  above  this 
a  whitish  limestone,  then  a  bluish,  hard  limestone,  G  to  10  feet,  all  of 
which  would  make  excellent  lime.    Farther  down  the  marg:ins  of  the 
mountains  we  pass  over  a  p^reat  thickness,  1,000  feet  or  more,  of  brick- 
red  grit  beds,  which  are  plainly  gypsiferous,  entirely  destitute  of  organic 
remains,  inclining  at  various  angles  varying  from  15^  to  24^.    There 
seems  to  be  no  break  in  the  continuity  of  the  layers,  at  least  none  is 
pereei>tible  to  the  eye ;  and,  therefore,  in  the  absence  of  fossils  it  would 
be  unsafe  to  pronounce  upon  its  age,  but  they  are  either  a  prolongation 
upward  of  the  Carboniferous  or  possibly  Triassic.   Coutiuuing  our  course 
eastward,  we  pass  over  a  bed  of  light-gray,  massive  sandstone,  50  feet 
thick,  nearly  horizontal ;  above  this  there  is  a  thin  bed  of  greenish -gray, 
arenaceous  marl,  15  to  20  feet  in  thickness,  capped  with  a  fine,  rusty-gray 
siliceous  rock,  which  occupies  the  position  of  the  Jurassic  beds  farther 
north,  and  resembles  them  somewhat,  lithologically.  After  searching  with 
considerable  care  over  a  large  area,  I  was  unable  to  find  even  a  trace  of  any 
organic  body.     On  the  east  base,  along  the  roads,  and  extending  to  La- 
porte,  on  the  Cache  la  Poudre,  we  found  a  full  development  of  the  Cre- 
taceous rocks.    They  seem  to  be  300  to  500  feet  in  thickness.    No.  2,  or 
Fort  Benton  Group,  is  well  shown  as  a  dark  shaly  clay,  with  seams  of 
marly  clay,  containing  Ostra  coiujesta  ami  an  Inoceramus  undistinguishable 
from  /.  problematicm.    Below  No.  2,  which  we  will  regard  as  a  fixed  hor- 
izon, is  a  bed  of  gray  silicious  grit,  which  may  represent  No.  1  or  Da- 
kota Group,  or  it  may  belong  to  the  Jurassic.    Although  this  bed  is 
quite  persistant  all  along  the  margins  of  the  mountains,  from  the  Wind 
liWer  range  to  Pike's  Peak,  I  have  never  yet  been  able  to  find  a  trace 
of  any  organic  object,  not  even  silicified  wood.    I  have  usually  regarded 
this  bed  as  No.  1,  with  a  query.    Above  No.  2  we  find  a  good  thickness 
of  No.  3,  but  becoming  more  arenaceous  in  its  southern  extension.   Yet 
portions  of  it  retain  the  same  light  color  and  chalky  character  as  here- 
tofore.    Separating  No.  2  from  No.  3,  there  is  a  bed  of  light  graj^  sand- 
stone, which  gradually  passes  down  into  the  plastic  clay  of  No.  2.    No.  3 
contains  the  O.  congefita  and  I.  prohleinatleuH  in  considerable  numbers. 
As  we  look  eastward  from  the  summit  of  the  range  toward  the  level 
prairie,  the  upturned  edges  of  the  different  beds  recede  like  waves  of 
the  sea  until  they  die  out  in  the  plains.    These  ridges  of  upheaval,  grow 
smaller  and  lower;  the  inclination  is  usually  at  a  smaller  angle  until  the 
beds  that  are  exposed  above  the  surface  show  no  percei>tible  dip.  It  seems 
quite  strange  that  no  rock  is  to  be  found  south  of  the  lied  Buttes  that  can 
be  referred  to  the  Potsdam  sandstone.    Along  the  Wind  River  and  Big 
Horn  range  it  is  seen  resting  on  the  metamorphic  rocks  and  charged 
with  its  i>eculiar  fossils;  but  as  we  proceed  southward  it  seems  to  disap- 
I)ear,  so  that,  after  leaving  the  central  meta  morphic  portion  of  the  Laramie 
range  we  pass  over  (3arboniferous,  Triassic?  Jurassic!  Cretaceous,  and 
finally,  in  the  plains,  the  Lignite-Tertiary.    Before  leaving  this  nucleus, 
however,  we  see  an  abundance  of  the  hornblendic  slates  and  other  meta- 
mori>hic  rocks  which  occur  in  the  principle  ranges,  showing  the  close 
proximity  to  the  main  crest  of  the  mountains  of  which  Pike's  Peak, 
Long's  Peak,  &c.,  form  a  part.     Somewhat  extensive  valleys  occur  be- 
tween all  the  ridges  of  upheaval,  varying  from  a  fourth  to  half  a  mile  in 
width,  through  which  some  little  stream  makes  its  way,  usually.    Some- 
times, however,  the  rivers  cut  their  way  directly  through  these  ridges, 
as  is  the  case  with  Cache  la  Poudre.     Nowhere  south  of  Fort  Lavam\^ 
do  we  see  those  massive  beds  of  whitish  limestone  that  ocewt  l^tXXi'^t 
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north.  Near  the  head  of  Deer  Creek,  about  one  hundred  miles  north 
of  Fort  Laramie,  the  Carboniferous  rocks  attain  a  thickness  of  1,000  feet 
or  more,  composed  of  layers  of  massive  limestone  with  hardly  any  tinge 
of  red ;  but  as  we  proceed  southward  the  lime  gives  place  to  sand,  and 
the  color  becomes  more  reddish,  until  even  the  thin  layers  of  limestone 
are  tinged  with  the  red  color.  It  is  quite  possible  that  this  change  is 
due  to  the  decomposition  of  the  sienite  rocks,  of  which  the  nucleus  ot 
the  Laramie  range  is  mostly  composed,  and  that  these  brick-red  beds 
are  formed  of  this  debris.  In  these  red  beds  are  considerable  quantities 
of  silex,  and  in  many  localities  the  fragments  cover  the  ground.  This 
was  the  favorite  material  of  which  the  Indians  in  former  times  fash- 
ioned their  arrow-heads  and  knives.  The  distance  from  the  plains  across 
these  ridges  of  upheaval  to  the  nucleus  rocks  varies  much  at  dilierent 
localities. 

At  Laporte,  on  the  Cache  la  Poudre,  the  distance  is  not  more  than  a 
mile,  and  there  are  not  more  than  three  of  these  ridges.  At  a  point 
about  ten  miles  north,  along  the  stage  road,  the  distance  is  five  to  ten 
miles,  with  a  dozen  or  more  of  the  ridges  of  upheaval.  At  Cache  la 
Poudre,  Cretaceous  beds  form  the  low  ridges,  inclining  10^  to  17^,  the 
Jurassic,  Triassic,  and  Carboniferous,  two  to  three  ridges,  from  500  to  800 
feet  in  height,  and  inclining  15^  to  17^,  with  a  strike  about  northwest 
and  southeast.  As  we  descend  the  Cache  la  Poudre  Kiver,  we  pass 
over  the  black  shales  of  Xo.  4,  and  the  rusty-yellow  arenaceous  rocks 
of  No.  5  for  about  four  or  five  miles,  when  they  are  overlapi)ed  by 
the  Lignite-tertiary  beds  in  nearly  or  quite  a  horizontal  position.  The 
soil  along  this  valley  is  quite  good,  and  by  irrigation  the  farmers  raise 
good  crops.  Two  and  a  half  miles  south  of  Cache  la  Poudre  the  first 
conspicuous  ridge  is  composed  of  Carboniferous  rocks  and  inclines  25^, 
again  a  little  farther,  21^.  ^ear  Thompson's  Creek  the  road  runs  along 
the  immediate  base  of  the  first  hills  of  the  range.  Between  the  up- 
turned edges  of  the  Cretaceous  and  the  slope  of  the  red  beds  and  Car- 
boniferous rocks  is  a  beautiful  valley,  about  half  a  mile  wide,  worn  out 
in  a  concave  manner,  with  little  side  valleys  coming  into  it  from  the 
western  side.  Tliis  valley  m  as  finely  grassed  over,  and  seemed  more 
like  a  park  walled  in  on  either  side.  Tlie  Cretaceous  beds  formed 
two  or  three  ridges  inclining  5^  to  8^,  and  finally  sloping  into  the 
prairie,  and  passed  under  the  Tertiary  beds.  Here  also  I  found,  in 
Ko.'s  2  and  3,  0.  congesta  and  L  problematicus,  with  numerous  frag- 
ments of  the  fibrous  shell  of  another  species  of  Iiwceramus.  In  the 
bed  of  a  little  creek  No.  4  is  well  shown,  dipping  15^.  In  a  number 
of  localities  between  Cache  la  Poudre  and  Thompson's  Creek,  No.  4 
is  revealed  with  a  thickness  of  from  100  to  200  feet.  These  dark 
shales  have  been  thoroughly  prospected  for  coal,  as  is  showji  by  the 
numerous  excavations.  Near  this  point  is  a  fine  ex])0sure  of  No.  3, 
dipping  in  such  a  manner  as  to  pass  directly  under  No.  4.  Without 
doubt  No.  5  would  be  seen  by  proce^^ding  eastward  into  the  prairie  a 
short  distance  before  we  come  to  the  point  of  overlai)ping  of  the  Ter- 
tiary beds.  The  truth  is,  all  the  divisions  of  the  Cretaceous  rocks 
of  the  west,  with  the  exception  of  No.  1,  are  well  developed  all  along 
the  eastern  flank  of  the  mountains  from  the  Red  lUittes  to  IMke's 
Peak  at  least,  a  distance  of  more  than  four  hundred  miles.  Some- 
times some  one  of  the  divisions  is  concejiled,  for  a  short  dis- 
tance, by  superticiiil  material,  but  it  reappears  again  under  favor- 
able circumstances.  Between  Cretaceous  divisions  No.  2  and  the 
supposed  Jurassic,  or  the  Trassic,  if  the  former  is  wanting,  is  a  massive 
hod  of  iiregn\ar,  fine  grit,  in  many  instances  so  silicious  as  to  form  a 
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fine  qnartzite.  The  upper  part  shows  irregular  laminae  of  deposition. 
It  is  yellowish- white  on  exposure,  with  some  masses  of  rusty  rock.  The 
lower  i)art  is  a  massive  fine  pudding-stone,  composed  of  an  aggregation 
of  small,  water- worn  pebbles,  apparently  cemented  together  with  iron. 
This  l>ed,  opposite  Long's  Peak,  near  Thompson's  Creek,  forms  one  main 
ridge  and  one  sub-ridge.  The  sub-ridge  comes  about  halfway  up  to  the 
main  ridge,  forming  a  sort  of  break  or  notch;  dip  17°.  The  main  ridge 
has  a  dip  of  19^,  as  observed  from  the  summit.  Then  a  very  beautiful 
concave  valley  intervenes,  about  halt"  a  mile  in  width,  to  the  next  ridge, 
which  is  composed  of  gray  limestone  with  brick-red  beds.  This  is  also 
comiK)sed  of  the  ridges,  forming  really  one  main  ridge.  The  first  ridge 
has  its  southeastern  slope  covered  with  dark-blue  limestone  like  a  slate 
roof,  with  dip  24^.  Beyond  this  dividing  ridge  we  find  the  metamorphic 
rocks,  so  that  everywhere  the  Carboniferous  beds  seem  to  rest  directly 
on  the  metamorphic  rocks,  though  not  conforming.  In  almost  all  in- 
stances between  the  main  ridges  tliere  is  the  bed  of  a  stream  sometimes 
dry,  sometimes  with  water.  Taken  in  the  aggregate,  these  ridges, 
although  inclining  at  so  many  difierent  angles,  at  different  localities,  when 
not  badJy  eroded  or  concealed  by  a  superficial  deposit,  exhibit  great  sys- 
tem, convincing  one  at  once  that  the  upheaval  was  not  a  sudden  parox- 
ysm, but  a  long-continued,  slow  movement.  These  ridges  are  divided  by 
little  streams,  which  have  cut  their  way  through  them,  into  separate  parts, 
each  portion  100  yards  to  half  a  mile  in  length.  The  harder  layers  usu- 
ally protect  the  sides  and  summits  of  these  ridges  from  too  much  erosion. 
Thence  in  a  direct  line  from  the  metamorphic  rocks  to  the  level  prairie 
southeastward  cannot  be  over  four  miles.  The  lower  or  southern  end  of 
this  ridge  (for  it  runs  out  at  Thompson's  Creek),  shows  the  red  beds,  and 
on  the  opposite  side  the  rocks  dipping  in  a  contrary  direction,  forming  one 
side  of  an  anticlinal.  The  side  next  to  the  mountains  dipsoS^,  and  the 
padding-stone  stands  up  like  a  high  wall  for  a  mile  or  more  in  extent  in  its 
niassiveness.  This  anticlinal  curves  around  westward,  so  that  the  ends 
of  the  two  sides  meet  at  Thompson's  Creek.  At  this  creek  there  is  a  jog 
in  the  upheaval  of  at  least  ten  miles;  that  is,  north  of  Thompson's  Creek  ^ 
the  lidges  die  out,  while  immediately  south,  in  the  open  prairie,  the 
ridges  commencing  again  far  to  the  westward,  and  continually  running 
out  in  the  i^rairie  southward,  the  line  of  fracture  seeming  to  be  north- 
west and  southeast,  while  the  trend  of  the  aggregate  range  is  nearly 
north  and  south,  so  that,  passing  along  the  foot-hills  of  the  u)ountains 
from  the  south,  northward,  we  se©  the  ends  of  the  ridges  of  upheaval, 
as  it  were,  en  echelon.  These  jogs  are  not  uncommon  all  along  the  base 
of  the  mountain  ranges.  At  Cache  la  Poudre  there  is  one  that  is  quite 
remarkable.  Pa^ssing  over  the  Cherokee  trail  from  Thompson's  Creek 
southward  about  six  miles,  we  come  to  a  ridge  of  sandstone  near  the 
road.  Toward  the  mountains  a  terrace-like  ridge  is  visible,  which  is 
composed  of  the  yellow,  chalky  layers  of  No.  3.  This  sandstone  ridge 
is  No.  5,  dip  130,  strike  very  nearly  northwest  and  southeast.  The 
black  shale  of  No.  4  gradually  passes  up  into  the  yellow  and  gray 
arenaceous  sediments,  in  which  are  huge  round  concretions  with  foliated 
layers,  and  many  shells  of  Ifwccramus.  This  passes  up  into  regular  strat- 
ified sandstone,  the  layers  varying  in  thickness  from  half  an  inch  to  a 
foot.  This  sandstone  is  mostly  a  rusty  yellow,  and  moderately  coarse- 
grained, and  possesses  nearly  the  same  characters  as  No.  5,  seen  at  the 
head  of  Teton  lliver  and  Fox  Eidge,  on  the  Missouri.  Baculites  ovatus 
also  occurs  here  in  considerable  numbers.  The  concretions  are  somewhat 
calcareous,  as  the  shells  indicate.  Just  before  reaching  St.  Vraiu's  Fork 
the  wall-like  chfiracter  of  these  beds  is  again  seen,  lu  t\ie  v\\>\i^a\^ 
Na  1^  sandstone  is  broken  oH)  lea  ving  a  portion  in  a  nearly  \xot\xou\A5\  v^- 
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sitiou  on  the  summit  of  a  ridge  300  feet  high,  while  the  Mien  part  is  near 
the  base,  inclining  60^.     This  wall  extends  for  nearly  a  mile  without 
interruption.     I  was  informed  that  about  three  miles  above  this  iM)iiit, 
on  St.  Vrain's  Fork,  a  man  discovered  a  bed  of  coal  while  digging  i)ost 
holes.     Further  examination  showed  the  seam  of  coal  to   be  three 
feet  thick,  and  that  it  had  been  used  by  a  blacksmith  in  the  vicinity, 
and  pronounced  by  him  as  good  as  the  bituminous  coals  of  Iowa.    This 
is  'quite  possible,  from  the  fact  that  isolated  portions  of  the  lignite  for- 
mation may  hav^e  been  left  after  the  erosive  action  which  followed  the 
elevation  of  the  mountains.     We  know  that  the  great  thickness  of 
Tertiary  which  we  find  eastward  of  the  foot  of  the  range,  once  ex- 
tended in  unbroken  continuity  across  the  area  now  occupied  by  tbe 
Laramie  JMountains ;  and  while  it  is  impossible  for  a  bed  of  coal  to  be 
discovered  of  very  great  extent,  indications  of  it  may  be  found  even  in 
the  valleys,  or  on  the  sides  of  the  mountains.    Tertiary  beds,  with  lig- 
nite, are  found  very  near  the  summits  of  the  Wind  lliver  Mountains, 
12,000  feet  above  the  sea.  From  Little  Thompson's  Creek,  No.  5  approaches 
the  foot  of  the  mountains,"  and  at  St.  Train's  Fork  the  coal  beds  are 
near  the  mountains,  or  perhaps  form  a  part  of  the  foot-hills.     It  would 
seem  as  though  the  erosive  power  of  water  had  not  acted  as  strongly 
on  the  sedimentary  rocks  in  this  region,  and,  in  consequence.  Cretaceous 
beds  form  ridge-like  walls  against  the  sides  of  the  mountains,  which 
may  have  partially  protected  the  Tertiary  beds  from  being  vrashed 
away.  This  is  especially  the  case  from  St.  Vrain's  Fork  to  Boulder  Creek, 
and  doubtless  beyond.    Some  of  the  ti[)ped-up  ridges  of  Carboniferous, 
Jurassic,  and  Cretaceous  rocks  are  nearly  2,000  feet  high,  and  incline  4(P 
to  GO^.     Long's  Peak  is  seen  most  distinctly  from  this  point,  though 
we  are  still  forty  miles  distant.    Near  Lett-Hand  Creek  there  is  a  high 
conical  hill,  at  least  800  feet  above  the  bed  of  the  creek,  finely  rounded, 
which  is  composed  of  lignite  beds,  which,  as  they  were  elevated  and 
tipped  away  from  the  mountains,  escaped  erosion.    The  surface  of  this 
region  for  miles  from  the  foot-hills  of  the  mountains  is  covered  with 
water- worn  rocks  of  ever}^  variety,  some  of  which  are  evidently  of 
eruptive  origin.    The  valley  of  Boulder  Creek,  with  its  border,  is  about 
six  miles  wide,  and  derives  its  name  from  the  vast  numbers  of  worn 
rocks  which  literally  pave  the  whole  surface.    It  is  on  South  Boulder 
Creek,  where  the  Marshall  mines  are  located;  and  at  this  locality  is  the 
best  exposure  of  all  tbe  rocks  in  this  region.     Just  north  of  the  canon 
of  the  South  Boulder  is  a  nearly  vertical  wall  of  what  appears  to  be 
basaltic  or  eruptive  rocks  rising  at  least  3,000  feet  above  the  bed 
of  the  stream.    On  examining  this  closely,  it  would  seem  to  be  the 
Carboniferous  beds,   standing  nearly   vertical,    presenting   the    most 
remarkable  nuiral  front  1  have  ever  seen  along  the  mountains.    The 
rocks  are  almost  metamorphosed  by  heat,  so  that  they  are  consoli- 
dated and  hardened.    Their  dip  is  from  40^  to  60^.    Deep   furrows 
are  worn  down  the  sides  of  this  wall  b}'  atmospheric   agencies,  so 
that  narrow  vertical  columns  seem  to  stand  out,  adding  to  the  won- 
derfully picturesque  beauty  of  the  view.    At  the  foot  of  the  highest 
ridge,  myriads  of  massive,  nearly  square  blocks  have  fallen  down,  gray 
with  lichens.    These  blocks  are  a  fine  compact  sandstone,  siliceous, 
light  gray,  yellowish;  no  loose  red  material;  stratification  perfect.    The 
red  rock  is  hard  and  massive.     Most  of  the  rocks  are  brittle,  when 
broken  showing  a  vitreous  fracture.    The  outside  rocks  seem  to  be  le^s 
affected  by  heat,  and  would  make  the  best  kind  of  buiUling  material. 
Between  the  main  ridge  and  the  next  succeeding,  there  is  an  interval  of 
one-fourth  of  a  mile.    This  valley  like  interval  is  covered  with  grass  and 
a  few  i)ine  trees  growing  from  a  rich  black  soil.  The  next  ridge  is  x)erhaps 
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1,500  foot  above  the  bed  of  Boulder  Creek,  but  only  a  few  feet  above  the 
debris  at  the  base,  while  the  main  ridge  is  at  least  1,500  feet  above  this. 
This  lower  second  ridge  is  a  fine  gray  and  yellowish -gray  sandstone, 
with  irr^i^ular  laniiuie,  siliceous,  of  unknown  age.  One  hundred  yards 
farther  is  a  third  ridge,  inclining  at  about  the  same  angle,  composed  of 
pudding-stone,  the  same  bed  seen  all  along  the  margins  of  the  mount- 
ains, from  the  Ked  Buttes  to  Pike's  Peak,  and  supposed  to  be  occupying 
the  position  of  No.  1  Cretaceous.  It  certainly  lies  between  well-marked 
Cretaceous  and  Jurassic  beds  on  the  North  Platte.  There  is  another 
interval  grass-covered,  and  then  the  fourth  low  ridge,  coifiposed  of  shale, 
fine  sand,  and  clay  intermixed,  inclining  at  an  angle  of  56°.  Upon  the 
siuiace  of  the  thicker  layer  are  numerous  mud  markings.  The  yellow 
arenaceous  clay  terminates  quite  abruptly,  and  a  bed  of  gray,  quite-hard 
limestone  comes  in.  In  this  limestone  I  found  in  considerable  numbers 
Ostrea  oomjestn^  and  a  large,  rounded  species  of  Inoceramus^  referred  to  by 
Professor  Ilall  in  Fremont's  rei)ort,  but  not  named.  Professor  H.  com- 
pares it  with  I.  involuttis.  Sow.  (Min.  Con.,)  but  it  is  doubtless  an  unde- 
scribed  species.*  At  any  rate  we  can  fix  the  position  of  this  bed  of 
limestone  as  No.  3.  Between  this  point  and  the  first  opening  for  coal 
the  distance  is  about  two  miles,  and  the  intermediate  rocks  are  concealed 
by  a  large  deposit  of  drift  material,  but  it  is  easy  to  see  by  the  inclina- 
tion of  No.  3  that  in  this  interval  there  is  ample  room  for  the  existence 
of  Nos.  4  and  5.  I  shall  speak  of  the  lignite  beds,  therefore,  as  Lower 
Tertiary  until  some  more  definite  evidence  is  given  to  the  contrary.  I 
should  liave  remarked  that  all  these  beds,  even  including  the  lower  lig- 
nite beds,  exhibit  evidence  of  having  been  subjected  to  moderate  but 
long  continued  heat.  These  marks  of  heat  decrease  as  we  proceed  out- 
ward from  the  nucleus  of  the  range,  but  some  of  the  layers  of  Carbonif- 
erous sandstone  seemed  to  have  been  changed  to  a  mica  schist,  the  plates 
of  mica  being  very  distinct.  No.  3  was  quite  changed,  exhibiting  a  com- 
pactness, a  hardness,  and  a  fracture  never  before  seen  in  any  part 
of  the  West.  The  value  of  the  coal  in  the  lower  bed,  now  worked  by 
Mr.  Marshall,  has  undoubtedly  been  greatly  enhanced  by  the  heat  to 
which  it  has  been  subjected.  Dr.  Leconte  observed  similar  phenomena, 
but  on  a  much  larger  scale,  in  New  Mexico  and  the  Eaton  Mountains. 

By  the  close  proximity  to  the  foot  of  the  mountains,  and  the  inclina- 
tion of  the  strata,  probably  the  most  remarkable  and  complete  section 
can  be  obtained  that  can  be  found  anywhere.  It  seems  hardly  possible 
that  so  great  a  thickness  of  the  Tertiary  beds  can  occur,  but  the  section 
taken  at  this  point  is  the  result  of  a  pretty  careful  examination  of  one 
day  under  the  immediate  direction  of  Mr.  Marshall,  the  owner  of  the 
mine,  and  the  information  he  gave  me  is  the  result  of  over  four  jears' 
experience  at  the  mine.  It  is  hardly  possible  that  beds  G  to  13,t  inclu- 
sive, have  been  broken  down  from  some  higher  beds  in  the  seiies.  A 
more  thorough  examination  at  some  future  period  will  determine  this. 
Beds  1  to  10,  inclusive,  incline  8^  to  the  east ;  the  remainder,  35^  to  40^, 
Lignite  beds  30  and  43  of  the  section  have  not  been  fairly  opened  yet, 
hut  were  discovered  in  searching  for  iron  ore.  In  clay  bed  21  there  are 
some  features  which  cannot  be  well  represented  in  the  section.  In  ad- 
dition to  the  main  coal-bed  are  a  couple  of  smaller  seams.  As  the  drift 
passes  the  upper  seam  becomes  very  hard,  resembling  anthracite,  but  it 
is  so  thin  that  no  notice  is  taken  of  it  by  the  miners.  The  following  are 
the  divisions  of  clay  bed  22 : 


*i' 


Mr.  Meek  has  sinro  named  ir  /.  dvformis,  in  Mr.  King's  rei)ort. 
t  See  Report  of  Colorado  and  New  Mexico,  page  29. 
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7.  Drab  clay. 

C.  Lignite,  12  inciies. 

5.  Drab  clay,  6  to  12  inches. 

4.  Sandstone,  2.J  feet. 

3.  Drab  clay,  6  inches 

2.  Lignite,  1  foot. 

1.  Dnib  clay,  1  foot. 

It  is  probable  that  the  lowest  bed  of  coal  mentioned  in  the  section 
will  furnish  tl\e  most  desirable  fuel.  The  day  of  my  visit  to  these 
mines  73  tons  were  taken  away,  and  Mr.  Marshall  informed  me  that  an 
average  of  50  tons  a  day  were  \vrought.  This  coal  brings  readily  84 
a  ton  at  the  mine,  and  from  $12  to  $IG  at  Denver,  twenty-two  miles  dis- 
tant. The  coal  has  very  nearly  the  hardness  of  anthracite,  which  it 
very  much  resembles,  but  it  falls  in  pieces  more  readily.  It  can  be  ex- 
posed in  a  dry  atmosphere  without  much  injury,  but  water  causes  it  to 
crumble  in  pieces  at  once.  I  spent  two  evenings  at  Mr.  MarshalFa, 
burning  this  coal  in  an  open  grate,  and  I  found  that  vnth  a  moderate 
draught  it  burned  with  a  clear,  bright-red  tlame,  produced  a  good 
amount  of  heat,  gave  off  no  offensive  oclor,  leaving  scarcely  any  ash,  and 
no  clinkers.  It  contains  very  little  sulphur,  and,  indeed,  no  erosive 
elements.  For  all  domestic  purposes  it  will  undoubti^dly  prove  equal  or 
superior  to  any  bituminous  coals,  and,  in  a  sanitary  point  of  view,  thei*e 
is  no  comparison.  I  will  here  quote  a  few  paragraphs  from  the  rei)ort 
of  Dr.  John  Torrey,  United  States  assayer  at  Kew  York,  who  analyzed 
specimens  of  coal  for  the  Union  Pacific  Railroad  from  this  place  and 
Coal  Creek,  three  miles  south  : 

The  mineral  Las  nearly  the  hardness  of  ordinary  anthracite,  but  is  much  more  brit- 
tle. The  fragments  are  often  cuboidal  or  rhomboidal,  and  in  some  of  them  a  little 
amber  was  detected.  The  hister  was  bright  and  shining.  The  coal  does  nc»t  stain  the 
lingers.  The  powder  is  black  when  viewed  in  a  heap,  but  when  a  thin  film  of  it  is 
spread  upon  a  white  surface  it  has  a  slight  tint  of  brown.  8pecitic  gravity.  l'J9. 
When  heated  in  a  ghuss  tube,  the  temperature  of  which  is  gradually  raised  to  400'  or 
500'^  F.,  it  gives  off  water,  the  last  portions  of  which  a  little  empyreumatic  oil  or  tar. 
At  a  dull-red  heat  it  takes  fire,  burning  with  a  bright-yellow  and  smoking  llarae,  emit- 
ting an  odor  between  tliat  of  heated  bituminous  coal  and  that  of  imprrtectly-burniug 
wood.  Some  of  the  fragments  gave  out  a  slight  odor  of  sulphur,  which  was  traced  to 
minute  scales  and  spangles  of  iron  pyrites,  scattered  here  and  there  among  the  lumps. 
Compared,  however,  with  most  bituminous  coals,  this  mineral  fuel  is  remarkably  free 
from  sulphur.     When  submitted  to  analysis  it  yielded  the  following  results: 

Water  in  a'state  of  combination,  or  probably  its  elements  as  in  dry  wood 20.00 

Volatile  matter,  expelled  at  a  red  heat  in  the  form  of  intlammablo  gases  and 

vapors 19.  :>0 

Fixed  carbon ". 5.r^.  70 

Ash,  consisting  chiefly  of  oxide  of  iron,  alumina,  and  a  little  silica *i.  00 

UXJ.OO 

The  ash  is  mostly  reddish,  but  sometimes  light  gray.  Another  specimen  contained 
only  16  per  cent,  of  water. 

The  coal  from  Boulder  Creek,  which  occurs  in  a  bed  4  feet  thick,  and  in  another  10 
feet,  ha«  a  general  resemblance  to  that  from  the  other  locality.  It  is,  however,  more 
dense,  having  a  ^lecitic  gravity  of  1.4,  and  is  less  brittle,  and  the  fracture  is  not  so 
glossy.  It  contains,  also,  flakes  of  mineral  charcoal,  scattered  through  the  mjiss.  and 
the  proportions  of  its  constituents  differ  considerably  from  those  of  the  Coal  Creek 
bed,  it  being  a  stronger  fuel.  It  contains  a  little  sulphur  like  the  other ;  the  composi- 
ticm  is  as  follows,  viz  : 

Water  in  a  state  of  combination,  or  its  elements 12.  <K) 

V(datile  matter  expelled  at  a  red  heat  in  the  form  of  inflammable  gases  and 

vapors 26. 00 

Fixed  carbon 59. 20 

Ash  of  a  reddish  color,  sometimes  gray H.rjO 

KHX  00 
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From  the  characters  and  analyses  of  the  specimens  here  described,  it  will  be  seen 
that  the  Rocky  Mountain  belongs  to  the  class  of  lignites,  and  that  it  is  not  technically 
a  bitnniinons  coal,  neither  cannel  nor  an  anthracite.  Still,  in  common  parlance,  it  will 
\x'  regjinled  a«  coal.  In  caloritic  power  the  Rocky  Mountain  coal  nuiy  be  placed  be- 
twjf  n  dry  woo: I  and  bituminous  coal,  and  therefore  it  is  a  most  valuable  fuel,  esi>ecially 
where  bititniiuous  coal  and  anthracite  are  not  likely  ever  to  be  found,  and  lircwoml  is 
difficult  to  procure.  I  see  no  other  reason  why  it  may  not  be  used  for  the  smelting  of  iron 
and  other  ores.  For  locomotives  it  could  be  employed  to  advantage,  with  some  modi- 
fication of  the  tireplace.  'i'he  ash  is  so  small  in  quantity,  and  so  light,  that  most  of  it 
would  be  carried  otf  by  the  blast  of  the  furnace.  From  my  own  trials,  I  liud  that  the 
coal  bums  frt^ely  in  a  small  stove,  making  a  hot  and  clear  fire,  and  leaving  no  clinkers. 
The  specimens  that  I  have  examined  show  a  tendency  to  break  up  gnd  crumble  after 
they  have  been  poaked  with  water  and  allowed  to  dry  ;  so  that  it  would  be  well  to 
preserve  the  coal. as  much  as  possible  from  being  wet  by  rain.  The  lumps  that  you 
brought  home  from  your  journey  show  no  disposition  to  crumble  in  a  dry  place.  In 
conclusion,  I  remark  that  the  discovery  of  such  extensive  beds  of  a  good  mineral  fuel 
in  of  the  highest  importance  to  the  section  of  country  in  which  they  occur.  The  iron 
on;  is  limouite,  commonly  known  by  the  name  of  brown  hematite  or  brown  iron  ore. 
It  is  a  compact  variety,  and  is  certainly  derived  from  carbonate  of  iron,  some  of  which, 
in  an  unaltered  state,  is  evident  in  one  of  the  specimens.  The  carbonate  will  probably 
Ik*  found  in  larger  proportion  as  the  beds  are  worked  further  in  beyond  the  reach  of 
atmospheric  influence.  There  is  reason  to  believe  that  the  iron  obtained  from  this  ore 
will  be  of  good  quality. 

The  bed  of  coal  opened  on  Coal  Creek  corresponded  in  every  par- 
ticular with  the  sixth  bed,  or  bed  23,  of  the  section  on  South  Boulder, 
at  Marshall's  Mine.  The  drift  was  carried  in  about  150  feet.  It  was 
first  opened  in  the  summer  of  18G0,  while  Marshall's  Mine  was  opened 
in  the  fall  of  1858.  The  sandstone  that  lies  above  the  coal  seems  to  be 
in  many  instances  nodular  or  concretionary,  like  that  which  occurs  in 
a  similar  position  on  the  Missouri  Eiver.  This  main  bed  of  coal  is 
7  feet  in  thickness,  and,  with  the  beds  above  and  below,  inclines  at  an 
ann:le  of  43^  to  the  east.  It  is  the  great  dip  of  the  beds  which  renders 
these  coal-beds  far  less  desirable  than  those  on  South  Boulder.  Seven 
l>eds  of  coal  have  been  opened  on  Coal  Creek,  and  underneath  the 
third  bed  is  a  layer  of  excellent  fire  clay,  G  or  7  feet  thick.  In  this  clay 
are  found  nodules  of  iron  ore,  containing  impressions  of  leaves  of  decid- 
uous trees.  This  nodular  iron  ore  is  abundant  everywhere,  however, 
in  all  the  beds.  Some  of  the  nodules  are  filled  with  cijiy  or  sand.  The 
(oal  has  not  been  worked  here  for  over  two  years,  and,  although  only 
seven  beds  have  been  examined,  there  is  no  reason  to  supi)()se  that  the 
whole  series  will  not  be  found  on  further  examination.  The  distance  from 
the  Marshall's  Mine,  or  South  Boulder,  to  the  Coal  Creek  opening,  is  just 
three  miles ;  yet  inten^ening,  is  a  high  plateau,  1,200  to  1,500  feet  above 
the  bed  of  the  Boulder,  extending  close  up  to  the  foot  of  the  mountains. 
Although  this  plateau  is  mostly  composed  of  coal  strata,  yet  it  is  covered 
with  a  vast  thickness  of  drift  material  washed  down  from  the  mountains, 
so  that  the  intervening  formations  are  for  the  most  part  concealed.  As 
in  the  South  Boulder  Valley,  no  Jurassic  beds,  and  only  traces  of  one  or 
two  Cretaceous  can  be  seen  in  Coal  Creek  Valley.  Even  where  it  emerges 
from  the  mountains  tlie  drift  material  juts  up  against  the  almost  vertical 
sandstones  of  the  Carboniferous  period,  yet  we  cannot  doubt  from  what  we 
have  already  seen  that  the  complete  series  of  rocks  exist  underneath.  All 
along  the  foot  of  the  mountains  in  this  region,  in  the  valleys  and  on  the 
hills,  there  is  a  wonderful  accumulation  of  particles  of  worn,  and  even  an- 
gidar  rocks,  so  abundant  as  greatly  to  impede  traveling.  They  present 
also  every  variety  of  texture  and  composition ;  but  what  most  strikes  the 
attention  is  the  partially  metamorphic  condition  of  man^'  of  these  im- 
mense masses  of  the  pudding-stone,  which  are  found  so  abundant  in  the 
Carboniferous  rocks,  lying  scattered  about ;  the  inclosed  pebbles  appear- 
ing not  to  have  been  affected  by  heat,  while  the  matrix  is  almost  c\\^wg,^(V. 
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There  are  also  worn  masses  of  gneiss,  quartz,  and  most  of  the  varieties 
of  rocks  that  probably  exist  in  the  heart  of  the  mountains.  In  the 
lignite  beds  on  South  Boulder  are  indications  of  spontaneous  combus- 
tion, by  which  the  rocks  also  have  been  baked.  In  all  the  coal-beds  are 
quantities  of  wood,  and  in  sinking  shafts  stumps  are  brought  out  which 
show  the  woody  structure  very  perfectly.  In  the  beds  are  masses  of 
wood  which  are  partially  changed,  the  surface  of  which  is  composed  of 
beautiful,  jet-like  coal,  while  the  inner  portions  show  the  layers  of  growth. 
One  of  the  beds  is  called  the  ''  peacock  vein,"  on  account  of  the  irides- 
cent hue  of  the  coal,  and  this  peculiarity  seems  to  be  confined  to  this 
bed.  Before  leaving  this  locality  I  will  say  a  few  words  in  regard  to  the 
iron  ore  which  is  found  quite  abundantly  in  the  sand  and  clay  beds  in- 
closing the  coal.  The  iron  ore  is,  as  Dr.  Torrey  has  determined,  a  limon- 
ite,  commonly  known  as  brown  hematite,  or  brown  iron  ore.  It  occuis 
in  nodular  masses,  varying  from  an  ounce  to  a  ton  or  more  in  weight, 
and  is  never  found  in  layers  or  strata,  but  is  distributed  through  tlie 
beds.  On  breaking  these  nodular  masses,  we  find  regular  concentric 
layers,  looking  much  like  the  bands  of  an  agate,  oftentimes  varying  in 
color  from  brown  to  yellow.  From  the  immediate  vicinity  of  South 
Boulder  Creek  Mr.  Marshall  has  already  taken  out  more  than  500  ton^ 
of  the  ore,  and  from  the  examinations  which  have  been  made  it  must 
occur  in  great  abuudance  over  an  area  of  at  least  fifty  square  miles.  I 
am  convinced  that  for  all  practical  purposes  there  is  no  limit  to  the  sup- 
ply of  this  ore.  The  experiments  of  JMr.  Marshall,  in  the  furnaces  at 
this  locality,  show  that  4,400  pounds  of  ore  will  produce  one  ton  of  pig- 
iron  in  about  the  following  proportions:  ore,  200  pounds;  limestone, 
20 ;  charcoal,  13  to  15. 

This  produces  a  very  excellent  quality  of  gray  iron.  Although  on 
Boulder  Creek  the  coal-beds  seem  to  be  most  largely  developed  and  to 
present  the  greatest  facilities  for  their  study,  yet  there  are  openings  in 
many  other  points  of  the  Territorj',  at  Golden  City,  and  various  locali- 
ties farther  down  on  Coal  Creek  and  Boulder  Creek.  I  was  unable  to 
visit  any  of  these  points,  but  I  saw  some  of  the  coal  which  had  been 
obtained  from  there.  It  is  used  more  or  less  for  fuel  at  all  the  little 
towns  in  this  region,  but  I  do  not  think  it  is  as  good  as  that  from  the 
Marshall's  mine.  That  which  I  saw  came  from  a  mine  opened  along  the 
stage  route,  low  down  on  Coal  Creek,  and  it  had  a  dull-brown  color  and 
crumbled  readily  on  exposure.  Mr.  Collier,  editor  of  the  Mining  Beg- 
ister,  gave  me  a  list  of  exposures  of  coal  in  various  parts  of  the  Terri- 
tory, and  there  is  no  doubt  this  list  might  be  greatly  extended.  Twenty 
miles  east  of  Canon  City  coal  occurs  in  bars  or  seams,  also  seven 
miles  south  of  the  same  place.  At  Colorado  City  small  seams  are  seen 
and  it  is  taken  out  in  bars.  This  is  a  very  curious  form  and  must  have 
existed  originally  in  the  form  of  asphaltura,  for  it  is  now  found  in  bars 
half  an  inch  thick,  two  inches  wide,  and  sometimes  several  feet  in 
length.  On  Cherry  Creek  divide,  twelve  miles  east  of  Denver  and  two 
miles  above  the  stage  road  on  Coal  Creek,  there  is  a  7  foot  bed  which 
Mr.  Collier  opened  in  1860;  two  miles  below  this  point  another  bed  has 
been  opened.  There  arc  here  five  distinct  beds.  Again,  on  Running 
Creek,  twenty  miles  southeast  of  Denver,  and  on  Bijoux  Creek,  sixty 
miles  southeast  of  Denver,  also  on  White  Kiver,  western  end  of  the 
Colorado.  There  is  an  excellent  bed  of  coal,  7  feet  thick,  at  Golden 
City,  and  three  miles  north  of  the  city.  Seven  miles  south  of  Golden 
City,  in  Bald  Mountain,  the  jet  is  found.  Seventeen  miles  up  the 
Platte  Biver  from  Denver,  a  bed  2  feet  thick  exists.  It  is  said  also  to 
be  found  in  the  Middle  Park.    Leaving  Boulder  Creek  I  prepared  to 
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retnm  to  Cheyenne  City,  along  the  main  stage  road,  which  is  usually 
distant  four  to  fifteen  miles  from  the  foot-hills  of  the  mountains.  Near  a 
little  town  called  Valmont,  on  North  Boulder  Creek,  there  is  the  most 
remarkable  trap  dike  I  have  seen  in  the  Territory.  It  rises  about  200 
feet  above  the  little  village  at  its  base,  and  trends  nearly  east  and  west: 
It  is  about  a  mile  in  length  and  seems  to  have  been  thnist  up  through 
the  Tertiary  beds  with  vertical  sides,  so  that  it  looks  like  a  wait.  The 
base  of  the  dike  is  so  covered  with  debris  that  it  is  not  possible  now  to 
see  what  effect  it  had  on  the  rocks  through  which  it  protruded  itself. 
The  rock  might  be  called  a  hombiendic  trachyte  of  a  dark,  greenish- 
brov^Ti  color,  the  crystals  of  hornblende  appearing  quite  distinctl3\  In 
the  valleys  of  Boulder  and  St.  Vrain's  Creeks  are  a  number  of  little 
lakes,  many  of  them  alkaline.  The  settlements  are  quite  numerous  and 
farming  and  stock-raising  seem  to  be  carried  on  extensively.  It  is 
only  in  the  valleys  of  the  streams,  where  irrigation  can  be  employed,  that 
any  crops  can  be  raised.  The  grass  is  so  nutritious  here  that  sheep  and 
cattle  thrive  well  and  seem  to  be  healthy.  About  four  miles  east  of  the 
base  of  the  mountains  the  ridges  of  yellowish-gray  sandstone  <are  seen, 
dipping  at  a  slight  angle.  They  may  be  traced  to  a  point  within  twenty 
miles  of  Pole  Creek,  and  are  plainly  Tertiary.  Near  Thompson's 
Creek  the  most  conspicuous  feature  in  the  scene  is  a  high  wall  of  sand- 
stone with  a  hole  through  it,  which  has  received  from  the  old  trappers 
of  the  country  the  name  of  the  Bears'  Church.  Mr.  Carbutt  took  a 
most  excellent  photogra;phic  view  of  it.  The  Cretaceous  beds  here  form 
a  belt  about  five  miles  wide.  Eighteen  miles  south  of  Cheyenne  City. 
No.  5  is  well  developed,  inclining  at  an  angle  varying  from  10^  to  15o, 
and  containing  in  some  hard  concretionary  masses,  a  species  of  Inocera- 
mus,  deposing  on  No.  5,  without  any  apparent  break  in  the  continuity, 
are  the  Lignite-Tertiary  beds.  The  following  section  will  show  the  order 
of  the  beds  here,  as  they  are  exposed  over  a  considerable  area : 

7.  Arenaceous  clay  with  an  abundance  of  Ostrea  subtriganalisf 

6.  Coal,  5  feet. 

5.  Clay. 

4.  Reddish  rusty  sandstone  in  thin  layers. 

3.  Drab,  arenaceous,  indurated  clay. 

2.  Massive  yellow  sandstone. 

1.  No.  5,  Cretaceous,  and  arenaceous  clay,  a  yellow  sandstone. 

The  bed  of  coal  is  5  feet  4  inclies  thick,  200  feet  from  the  entrance 
of  the  drift.  In  the  bed  above  the  lignite  there  seems  to  have  been  a 
layer  which  must  have  been  3  or  4  feet  in  thickness.  The  oyster-shells 
are  scattered  about  in  the  greatest  abundance,  reminding  one  in  their 
abundance,  size,  and  form,  of  the  small  oyster  along  the  shores  of  South 
Carolina  and  Florida.  It  is  said  that  among  the  foot-hills  of  the  moun- 
tains outcroppings  of  the  coal  have  been  found.  These  irregular 
seams  of  jet,  before  referred  to,  occur  abundantly  in  this  region.  I  shall 
dwell  more  fully  on  these  western  lignites  in  my  chapter  devoted  to  that 
subject. 

H,  Ex.  19 5 
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CHAPTER    IX. 

SKETCH  OF  THE  GEOLOGICAL  FORMATIONS  ALONG   THE  ROUTE   OF  THE 

UNION  PACIFIC  RAILWAY,  EASTERN  DIVISION. 

The,  facilities  for  traveling  afforded  me  by  the  kindness  of  Colonel 
Lamborn,  secretary  of  the  Kansas  Pacific  Railway,  induced  me  to 
make  a  hasty  examination  of  the  geology-  along  this  route  so  far 
as  the  road  had  been  completed.  Accordingly  I  left  Leavenworth 
City  November  13,  1867,  and  proceeded  directly  to  the  valley  of  Kansas 
River  by  way  of  Lawrence.  This  valley  is  one  ot  the  most  fertile  in  the 
West,  quite  broad,  the  banks  sloping  gently  down,  presenting,  how- 
ever, a  good  many  exi)osure8.  All  the  rocks  fix)m  the  Missouri  River  to 
a  point  near  Fort  Riley  undoubtedly  belong  to  the  age  of  the  Upper 
Coal-Measures,  and,  as  these  rocks  have  been  described  very  fully  in  a 
paper  by  Mr.  Meek  and  the  writer,  published  in  1859,  I  shall  not  dwell 
on  them  in  this  connection.  Even  at  Fort  Riley  the  upper  beds,  over 
the  summit  of  the  hills,  indicate  their  Permian  character,  and  must  be 
included  in  the  series  called  Permo-Carboniferous.  From  Manhattan  to 
Fort  Riley  the  outcropping  beds  of  limestone  are  quite  conspicuous  on 
the  sides  of  the  high  hills,  showing  also  a  considerable  thickness  of  the 
intervening  clay  or  sand  beds  which  form  the  grassy  slopes.  The  bed 
that  furnishes  the  beautiful  building-stone  at  Manhattan,  Fort  Riley, 
and  Ogden,  and  which  has  been  used  for  the  construction  of  some  ot 
the  finest  houses  in  Kansas,  shows  a  marked  dip  to  the  westward  at 
least  10  feet  to  the  mile.  The  rock  can  be  wrought  into  any  shape  with 
great  ease,  and  is  most  beautiful  and  durable.  At  Junction  City  the 
Permian  magnesian  limestone  is  so  soft  that  it  is  cut  into  any  desira- 
ble form  with  a  circular  saw,  and  is  transported  to  all  points  along  the 
line  of  the  railroad,  Masses,  in  the  form  of  bricks  for  chimneys,  caps, 
sills,  &c.,  are  mjide  in  the  greatest  abundance.  Junction  City,  which 
is  a  city  of  1,200  to  1,500  inhabitants,  is  almost  entirely  constructed  ot 
this  Permian  limestone.  At  the  one  hundred  and  forty-fifth  mile-post 
west  of  the  Missouri  the  bed  of  limestone  from  which  so  much  building 
material  is  taken  crops  out  quite  conspicuously  from  the*  sides  of  the 
hills,  about  30  feet  above  the  river,  but  dipping  so  rapidly  that  it  soon 
psisses  beneath  the  bed'  of  the  river.  After  passing  the  one  hundred  and 
fiftj'-fifth  mile-post,  the  soft  beds,  ot  those  intermediate  between  the 
well-known  Cretaceous  No.  1  and  the  Permian,  begin  to  show  their  in- 
fluence on  the  surfaee  of  the  country,  giving  very  broad  level  bottoms 
to  the  river,  and  the  low,  gently-sloping  hills  on  either  side.  Very  few 
exposures  of  the  basis  rocks  are  to  be  seen. 

Near  Saliua  the  grass-covered,  sloping  hills,  the  entire  absence  of  any 
rock  exposures,  and  the  wide,  level  bottoms,  show  that  the  underlyii^g 
rocks  are  composed  of  soft,  yielding  sands  and  clays.  We  know  the^ 
belong  to  the  series  intermediate  between  the  Permian  and  the  rusty 
sandstones  of  the  Dakota  Group,  and,  so  far  as  we  have  yet  determined, 
are  of  doubtful. age.  At  Fort  Ellsworth  the  cuts  along  the  road  show 
that  the  Dakota  sandstones  have  appeared,  and  then  continue  on  as  far 
as  Fort  Harker  and  beyond.  Everywhere  we  find  a  thick,  superficial 
covering  of  arenaceous  material  which  was  evidently  derived  from  the 
disintegration  of  No.  1.  Our  road  was  along  the  valley  of  the  Snloky 
Hill  Fork,  and  the  bluffs  in  the  distance  look  as  though  they  were  com- 
posed of  loose  sand.  It  is  plain  that  as  we  pass  southward  the  sandy 
beds  below  the  red  sandstone,  as  seen  on  the  Little  Blue  River,  increase 
Jn  thickness  and  retain  their  ya^riegated  color.    The  soil  is  still  good  all 
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along  the  road.  Where  the  surface  crust  is  cut  through  by  the  road 
we  observe  from  one  to  three  feet  of  vegetable  soil.  It  is  somewhat 
arenaceous  and  would  be  very  favorable  to  the  production  of  cereals 
and  all  kinds  of  garden  vegetables,  but  there  must  be  more  or  less 
irrigation.  There  is  no  timber  here  except  a  little  fringe  along  the 
Smoky  Hill  Fork  and  some  of  its  branches,  and  this  is  being  fjist 
removed  as  fuel  for  the  use  of  the  road.  The  surface  is  very  rolling, 
showing  the  loosely  aggregated  character  of  the  underlying  basis  rocks. 
The  prairie  grasses  grow  thickly  over  the  ground,  especially  the  short 
buf^lo  grass,  which  forms  a  mat  in  most  places.  No  finer  grazing  coun- 
try can  be  found  in  the  world.  At  Wilson's  Station  I  saw  the  chalky 
limestone  of  the  Niobrara  Group  filled  with  Inoceramus prohlcmaticus,  A 
part  of  the  bed  is  in  slabs  or  thinnish  layers,  as  it  usually  ai)pears 
wherever  it  occui*s  south  of  the  Missouri  Elver,  but  a  part  also  is  more 
massive,  arenaceous,  and  rust-colored.  Between  the  two  hundred  and 
forty-fifth  and  two  hundred  and  fiftieth  mile-stone  west,  the  road  cuts 
through  No.  3  very  distinctly,  the  whole  country  appearing  to  be  underlaid 
by  this  rock.  The  superficial  deposits  are  quite  heavy  in  places,  composed 
of  a  deep  yellow  or  flesh-colored  marl,  with  small  white  concretions  of 
lime  or  chalk.  This  disintegrated  material  seems  to  take  the  place  of  the 
newer  pliocene  deposits  on  the  Loup  Fork  and  other  places.  Between  the 
two  hundred  and  fiftieth  and  two  hundred  and  fifty-fifth  mile-post  we  saw 
a  small  herd  of  buffalo  withinashortdistanceof  the  track,  also  a  herd  of 
forty  or  fifty  antelope.  Asthe  locomotive  moved  along.they  seemed  more 
hke  native  cattle  grazing  overthese  limitless  pasture  fields.  We  saw  the 
mirage  which  is  not  uncommon  in  this  country.  Even  small  ridges  rose 
up  into  lofty  mountains  and  every  valley  reflected  the  light,  so  that  it 
appeared  like  a  pond  of  water.  At  the  two  hundred  and  eightieth  mile- 
I>ost  there  seemed  to  be  indications  of  Tertiary  beds,  and  in  the  cuttings 
are  thousands  of  the  small  white  limestone  nodules  so  common  in  the 
marls  in  other  localities.  I  made  inquiry  at  the  station,  but  no  rock  has 
yet  been  found  in  that  vicinity.  The  blufts  along  the  creek  have  a 
whitish  appearance.  At  Hays  City  the  massive  rocky  layers  of  No.  3 
are  sawed  into  blocks  with  a  common  cross-cut  saw,  and  employed  in  the 
construction  of  buildings.  It  is  a  rather  hard  chalk,  but  is  very  easily 
worked,  the  shells,  as  Inoceramm,  Ostrea  congesta^  &c.,  obstructing  the 
saw  to  some  extent.  The  builders  informed  me  that  this  rock  hardens 
after  it  is  laid  in  the  wall.  The  quarry  from  which  this  chalky  lime- 
stone is  obtained  is  about  four  miles  from  the  village,  and  the  bed  is 
40  feet  thick.  Fort  Hays  is  located  on  Big  Creek,  a  branch  of  Smoky 
Hill  Fork.  It  is  surrounded  by  a  broad,  rolling  prairie  country,  and  no 
timber  in  sight  except  the  very  narrow,  irregular  fringe  of  cottonwood 
along  the  streams.  The  soil  appears  to  be  fertile ;  indeed,  it  could  not 
be  otherwise  with  the  basis  rock  composed  of  the  limestones  of  No.  3, 
but  the  difficulty  of  irrigating  will  prevent  the  country"  from  being  used 
otherwise  than  as  a  grazing  region,  for  which  purpose  it  seems  eminently 
suitable.  The  short  nutritious  grasses  which  are  peculiar  to  this  dry 
prairie  region  cover  the  surface  like  a  mat,  audit  is  not  strange  that  the 
buffalo  are  so  fond  of  this  portion  of  the  West,  and  still  visit  it  every  sum- 
mer. About  eight  miles  west  of  Hays  City  there  are  about  60  feet  exposed, 
of  the  dark  clays  of  No.  2,  of  the  Fort  Benton  Group.  The  road  cuts 
through  it  so  as  to  show  its  character  well.  It  is  a  bright  bluish-black 
slaty  clay,  covered  with  a  thin  coating  of  iron  rust  whenever  the  water 
or  air  can  have  access  to  it.  It  is  full  of  arenaceous  concretions  of  every 
size,  which  are  lined  inside  with  crystals  of  calc-spar.  On  tVvft  svx\EL\Xi\V) 
of  the  hills,  resting  direct  on  No.  2,  are  the  massive  layers  ot  t\i^  ^^^\\o^ 
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chalk  No.  3,  containing  a  few  oysters  and  a  huge  Inoceramus.  On  tlie 
Smoky  Fork  are  exposures  of  the  bluish  clays,  with  thin  layers  of 
arenaceous  limestone  containing  fossils.  At  Fort  Wallace  the  buildings 
are  all  made  of  this  whitish  chalk.  This  rock  is  also  used  in  the  con- 
struction of  bridges  along  the  road  in  many  places,  and,  although  not  a 
durable  stone,  si»ems  to  8er^'e  a  good  purpose.  We  have,  therefore, 
between  Salina  and  Fort  Wallace,  exposures  of  three  divisions  of  the 
Cretaceous,  Nos.  1,  2,  and  3.  In  No.  1  are  found  in  great  abundance 
well-preserved  impressions  of  dicotyledonous  leav^es,  as  magnolia,  oak, 
sassafras,  i)oplar,  sycamore,  willow,  tig,  walnut,  &c.  There  are  also 
various  cast^  of  shells  of  unknown  sj^ecies.  In  No.  2,  not  far  from  Fort 
Wallace,  have  been  found,  the  remains  of  gigantic  reptiles  40  or  50 
feet  in  length.  No.  3  contains  an  abundance  of  the  usual  species, 
I.  problematicus  and  0.  cangesta^  with  fragments  of  fishes.  The  int<?r\'al 
between  Wallace  aud  Denver  has  not  yet  been  examined  by  a  competent 
geologist,  and,  therefore,  nothing  definite  is  known  in  regard  to  its 
geology.  This  chapter  contains  such  observations  only  as  I  was  able 
to  make  during  a  brief  trip  along  the  line  of  the  railroad. 

In  regard  to  the  resources  of  Kansas,  I  cannot  do  better  than  to  close 
this  chapter  with,  an  extract  from  a  memoir  jn^epared  by  Mr.  Meek  and 
the  writer  from  observatious  made  in  the  summerof  185S,  and  i)ublishe<l 
in  the  Proceedings  of  the  Academy  of  Natural  Sciences  at  Philadelphia: 

'^Although  this  paper  is  merely  designed  to  give  a  brief  sketch  of  tlie 
'leading  geological  features  of  those  portions  of  Northeastern  Kansas 
visited  by  us,  we  cannot  close  it  without  alluding  to  the  truly  great 
agricultural  and  other  natural  resources  of  this  new  and  interesting 
territory.  We  mean  no  disparagement  to  other  portions  of  the  Missis- 
sippi Valley  when  we  state  that  after  having  traveled  extensively  in  the 
great  West,  and  after  having  seen  many  of  its  most  favored  s^wts,  we 
have  met  with  no  country  couibining  more  attractive  features  than 
Kansas  Territory.  Her  geographical  position  gives  her  a  comparatively 
mild  and  genial  climate,  intermediate  between  the  extremes  of  heat  and 
cold,  while  the  rich  virgin  soil  of  her  beautiful  prairies  is  admirably 
adapted  to  the  growth  of  all  the  great  staple  grain  and  root  crops  of 
the  West.  It  is  true  that  in  some  districts  there  is  rather  a  deficiency 
of  timber,  but  as  a  general  thing  there  is  along  the  streams  sufficient 
for  the  immediate  wants  of  the  country.  In  addition  to  this,  the 
wonderful  rapidity  with  which  forests  are  known  to  have  sprung  up  on 
similar  prairie  lands  in  Missouri,  as  the  country  became  settled  so  as  to 
keep  out  the  annual  fires,  shows  that  the  present  scarcity  of  timber 
should  not  be  regarded  as  presenting  any  serious  obstacle  to  the  settle- 
ment of  the  most  extensive  [)rairie  districts  in  Kansiis.  Before  going 
out  into  the  interior  of  the  Territory  we  had  expected  to  find  the  whole 
country  immediately  west  of  Fort  Riley  comparatively  sterile;  on  the 
contrary,  however,  we  were  agreeably  disappointed  at  meeting  with 
scarcely  any  indications  of  decreasing  fertility  as  far  as  our  travels 
extended,  which  was  about  60  miles  west  of  Fort  Riley.  Here  we  found 
the  prairies  clothed  with  a  luxuriant  growth  of  grass,  and  literally  alive 
with  vast  herds  of  buffalo  that  were  seen  quietly  grazing  as  far  as  the 
eye  could  r^ach  in  every  direction. 

*'  Even  on  the  high  divide  between  the  Smoky  Hill  and  Arkansas  Rivers, 
south  of  this,  we  found  the  soil  rich  and  supporting  a  dense  growth  of 
grass ;  and  from  all  we  could  learn  from  persons  who  have  gone  further 
out,  the  same  kind  of  country  extends  for  a  long  distance  beyond  this 
toward  the  west.  Hence  we  infer  that  the  belt  of  unproductive  lands 
between  the  rich  country  on  the  east  and  the  eastern  base  of  the  Rocky 
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Mountains  on  the  west  is  much  narrower  than  is  generally  supposed ; 
and  even  this  so-called  desert  country  is  known  to  possess  a  good  soil, 
wJiich  may  be  rendered  fruitful  by  artificial  irrigation. 

"  In  regard  to  the  mineral  resources  of  Kansas  we  have  atpresent  only 
time  and  space  to  say  a  few  words :  As  already  stated,  coal  is  known  to 
exist,  though  its  extent  is  not  yet  fully  determined,  at  several  localities 
ill  the  region  of  Leavenworth  City,  while  the  geological  structure  of  the 
country,  as  well  as  discoveries  already  made,  warrant  the  conclusion  that 
this  impoitant  and  useful  mineral  abounds  at  many  localities  south  of 
there.  Limestone  suitable  for  building  purposes  and  the  production  of 
quicklime  exists  throughout  large  areas,  while  inexhaustible  beds  of  gyp- 
sum are  known  to  occur  at  several  places  not  far  west  of  the  mouth  of 
Solomon's  liiver.  Near  this  place  we  likewise  saw  in  the  lower  cretaceous 
rocks  crowning  the  summits  of  the  Smoky  Hills  deposits  of  iron  ore, 
but  were  unable  to  determine,  in  the  limited  time  at  our  command, 
whether  or  not  it  exists  in  large  quantities.  Of  the  discoveries  of  gold 
in  the  mountains  on  the  western  border  ot  Kansas  much  has  been  said ; 
Dothing,  however,  but  a  thorough  geological  surve3%  by  authority  of  the 
State  government,  can  lay  before  the  public  such  full,  .accurate,  and  reli- 
able information  on  these  subjects  as  will  bring  from  the  older  States 
tlie  capital,  skill,  and  enterprise  necessary  to  develop  the  great  natural 
resources  of  the  country." 


CHAPTER    X. 

THE  EXISTENCE  OF  BEDS  OF  PEAT  IX  NEBRASKA. 

The  subject  of  peat  is  also  of  the  highest  importance  to  the  West, 
and  one  which  deserves  much  more  attention  than  it  has  yet  received. 
While  the  dry  climate  of  Nebraska  would  necessarily  prevent  the  accu- 
mulation of  vast  deposits  of  this  useful  fuel,  such  as  we  know  to  occur 
in  many  jiortions  of  Europe  and  on  the  Atlantic  coast,  yet  even  if  beds 
of  two  feet  or  more  in  thickness  can  be  found  of  peat  that  can  be  used 
as  a  fuel,  it  will  prove  a  discovery  of  inestimable  value  to  the  State. 
Peat  is  usually  regardt^d  as  holding  a  position  next  to  coal  in  its  value 
as  a  fuel,  but  of  course  its  real  value  will  depend  upon  the  amount  of 
carbon  it  contains.    Low,  marshy,  swampy  i)laces  occur  all  over  the 
State,  and,  so  far  as  I  could  determine,  in  a  somewhat  hasty  examina- 
tion, the  conditions  indicated  were  favorable  to  the  existence  of  valua- 
ble beds  of  this  fuel  in  almost  every  county.    It  is  my  opinion  that  at 
no  distant  day  peat  will  b.ecome  an  article  of  great  pecuniary  value  in 
the  West,  and  that  large  fortunes  will  be  nmde  in  its  preparation  from 
lands  which  are  now  regarded  of  little  value.     The  first  step  to  be 
taken  is  to  ascertain  the  elements  of  success ;  and  the  proper  way  to  an- 
swer the  question  whether  there  are  actually  any  peat-beds  in  the  State, 
and  whether  they  can  be  wrought  with  profit^  is  to  proceed  at  once  to 
some  neighboring  State  where  the  working  of  peat-beds  is  in  successful 
oi)eration,  and  determine  the  character  of  the  peat  and  the  mode  of  its 
preparation.    Much  discredit  is  often  thrown  upon  new  enterprises  on 
account  of  the  want  of  knowledge  and  exi)erience  on  the  part  of  the 
l)ersons  concerned,  and  the  subsequent  almost  certain    failure  is  attrib- 
uted to  other  causes.    It  has  already-  been  shown  by  Dr.  White,  the 
State  geologist  of  Iowa,  that  peat  exists  in  great  quantities  in  that 
State,  aud  it  is  even  now  wrought  with  profit  by  companies  which  have 
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been  organized  for  that  purpose.  This  subject  is  regarded  of  so  much 
importance  to  the  people  of  Iowa  that  it  is  receiving  a  large  share  of 
the  attention  of  tlie  State  geologist.  In  Minnesota,  also,  there  are  said 
to  be  vast  <leposits  of  peat,  so  that  the  supply  is  almost  unlimited. 
;Now  if  these  statements  are  true,  if  we  had  no  other  knowledge,  we 
should  at  once  infer  that  iieat  beds  of  greater  or  less  size  and  valne 
must  occur  in  Nebraska  and  the  neighboring  Territories.  The  con- 
ditions, as  \vell  as  the  character  of  the  vegetation,  must  be  nearly 
the  same  in  all  these  States.  Peat,  so  far  as  the  West  is  concerned, 
may  be  defined  as  the  slow  decomposition  of  Hags,  rushes,  and  the 
common  sedges  and  grasses  under  w  ater  a  portion  or  all  of  the  year. 
But  very  little  accurate  information  in  regard  to  this  matter  is  known 
in  the  West.  Many  people  who  have  read  much  about  the  i>eat-bogs 
of  Ireland  suppose  that  in  order  that  there  should  be  peat  deposits 
there  must  be  a  vast  growth  of  mosses.  The  great  dryness  of  the  cli- 
mate prevents  the  growth  of  mosses  to  any  extent  in  the  West,  and 
very  few  species  occur  there.  Still  in  many  of  the  Eastern  States  this 
subject  is  exciting  much  attention,  and  enormous  prices  are  sometimes 
paid  for  peatbogs.  Some  expensive  machinery  has  also  been  invented 
for  its  manufacture  into  fuel.  At  Pittstield,  Massachusetts,  there  is  a 
company  that  manufactures  100  tons  of  crnde  peat  per  day,  which,  when 
dried,  is  reduced  to  30  tons.  In  New^  York  State  a  peat  bog  was  pur- 
chased at  the  rate  of  $400  per  acre,  and  a  gentleman  in  New  Jersey  re- 
fused $25,000  for  28  acres.  Now,  if  the  reader  will  refer  back  to  the 
special  reports  on  the  different  counties  he  will  observe  that  there  is 
scarcely  a  county  in  the  State  which  has  not  more  or  less  of  those  low 
bogs,  in  which  there  is  a  rank  growth  of  reed  gi'ass  and  bulrushes,  w  hich 
are  tlie  resort  of  myriads  of  muskrats.  In  most  of  the  true  peat-bogs 
the  conical  huts  of  the  muskrat  may  be  seen.  Now,  where  these  masses 
of  vegetable  matter  are  covered  with  water  so  that  they  do  not  have 
access  to  the  air  for  the  greater  ])art  or  all  of  the  year,  a  process  of  slow 
decay  or  combustion  goes  on  by  which  this  vegetable  matter  is  converted 
into  peat.  There  are  no  large  beds  of  mosses  as  we  so  often  see  east  of 
the  Mississippi,  and  even  in  the  region  of  the  Eocky  Mountains  this 
family  of  plants  is  very  meagerly  represented.  In  Ireland,  Scotland, 
and  some  other  portions  of  Euroi^e,  there  are  beds  of  peat  or  turf  20  to 
40  feet  in  depth.  The  heather  grows  in  the  greatest  luxuriance,  and 
especially  the  sphagnum,  which  luis  a  wonderful  avidity  for  moisture 
and  remains  fresh  all  summer.  These  mosses  decay  at  the  roots  while 
the  tops  keep  fresh  and  green,  so  that  these  peat-bogs  increase  in  depth 
from  year  to  year.  In  our  Western  as  well  as  Eastern  States  there  are 
certain  kinds  of  aquatic  i)lants  that  contribute  largely  to  the  vegetable 
matter  in  a  bog.  In  all  the  marshy  bottoms  or  low-lands  of  the  W^est 
we  find,  oftentimes  in  great  abundance,  the  water  Polygonums^  the  pond 
lilies  (Nympluea  and  XupharJ,  duck- weeds  (Lemna)^  pickerel- weed, 
^Pon/cr7cria^,  arrow- weed  ^<Srtf;/^frtn'a^,  pond- weed  (Potamogeton).  Many 
of  these  plants  grow  in  deep  water,  with  stems  several  feet  in  length, 
and  with  such  luxunance  as  to  contribute  yearly  a  large  amount  of  vege- 
table matter  to  the  bog.  There  are  many  kinds  of  peat  which  may  be 
readily  detected  by  the  experienced  eye.  These  differences  are  some- 
times in  color,  some  kinds  being  red,  others  gra}^,  others  black ;  some- 
times they  are  almost  entirely  destitute  of  fiber  or  any  tnices  of  vegeta- 
tion ;  again  they  are  light  and  porous,  and  do  not  seem  to  be  far  advanced 
in  the  stage  of  decomposition.  Some  kinds  of  peat  are  so  pure  that, 
burning,  only  a  small  per  cent,  of  ash  remains.  Others  contain  much 
soil,  lime,  iron,  and  other  mineral  substances. 
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The  geological  formatioDS  of  the  country  seem  also  to  determine  the 
character  of  the  vegetation  which  forms  the  peat.  The  surface  rocks 
of  Nebraska  are  mostly  calcareous,  and  the  vegetation  of  the  low  places 
is  composed  of  the  coarse  grasses  and  sedges.  In  granitic  and  silicious 
districts,  according  to  Professor  Johnson,  the  peat-bogs  are  likely  to  be 
filled  with  mosses* 

Peat  fw  an  article  of  /weZ.— Perhaps  it  is  hardly  necessary,  at  this 
time,  to  enumerate,  in  detail,  the  multiplied  uses  of  peat  as  an  article  of 
fuel,  and  yet  the  want  of  information  on  the  subject  ha«  been  fell  by  the 
writer,  even  in  his  more  recent  investigations.  Ho  has  made  use  of  all 
the  writings  within  his  reach,  but  for  the  facts  contained  in  this  chap- 
ter he  is  mostly  indebted  to  a  thoroughly-scientific  work  by  Professor 
S.  W.  Johnson,  "  Peat  and  its  Uses,^'  and  an  interesting  volume  by  T. 
H.  Leavitt,  ''  Facts  about  Peat.''  To  these  books,  which  are  readily  ac- 
cessible to  any  one,  the  reader  is  referred  for  any  further  information. 
Mr.  Leavitt  has  invented  a  machine  which  will  work  off  100  tons  of 
crude  peat,  making  25  tons  or  more  of  condensed  fuel,  per  day.  The 
crude  peat  is  dumped  into  a  hopper,  wet,  as  it  conies  from  the  ground, 
completely  pulverized,  so  as  to  destroy  its  porousness,  and  worked  into 
molds  like  bricks.  When  we  consider  that  there  is,  in  all  probability, 
hundreds  of  acres  of  peat  ground  in  Nebraska  that  would,  with  this 
machine,  yield  fit)m  100  to  500  tons  of  condensed  peat  per  acre,  worth 
at  least  610  per  ton  for  fuel,  we  can  at  once  conclude  that  the  subject 
is  well  worthy  of  our  earnest  attention.  This  prejiared  peat  seems  to 
be  a  favorite  fuel  for  all  domestic  purposes.  It  is  conmionly  cut  or 
molded  into  blocks  or  sods  like  bricks,  with  a  length  of  8  to  18  inches,  a 
breadth  of  4  to  6  inches,  and  a  thickness  of  1^  to  3  inches.  There  are 
other  forms  made,  sometimes  in  circular  masses  or  in  balls.  Mr.  Rog- 
ers, of  England,  found  by  experience  that  peat  was  prepared  by  the 
drying  process,  in  the  month  of  March,  by  the  strong  winds,  rather 
than  in  the  hotter  months  of  June,  July,  and  August.  So  when  there 
was  little  or  no  wind  he  created  an  artiticial  wind  for  that  purpose  by 
placing  the  sods  in  wicker  frames  and  swinging  them  through  the  fiir, 
thus  drying  the  sods  in  less  than  half  the  time.  When  thus  prepare<l 
it  is  used  in  the  heating  of  dwellings,  by  means  of  a  furnace,  stove,  or 
open  grate,  and  is  said  to  give  a  more  steadily-intense  and  mellow  heat 
than  any  other  kind  of  fuel.  It  is  also  used  in  manufacturing  estab- 
lishments in  the  production  of  iron,  and  the  fact  that  it  is  tree  from  sul- 
phur makes  it  a  favorite  fuel  for  that  purpose.  It  has  been  used  also 
very  successfully  for  generating  steam.  Experiments  are  said  to  have 
been  made  on  the  locomotives  of  the  New  York  Central  Railroad,  where 
a  half  ton  of  i>eat  performed  the  work  of  one  ton  of  coal.  Another  ex- 
periment was  tried  on  a  steamboat  on  the  Hudson  River,  when  1,200 
pounds  of  peat  lasted  two  hours  and  twenty  minutes,  while  1,200  pounds 
of  coal  were  used  in  one  hour.  In  France  turf.i)eat  is  a  favorite  fuel 
for  the  manufacture  of  iron.  At  one  of  the  shops  4,500  pounds  of  turf 
and  2,300  pounds  of  pig-iron  produced  one  ton  of  puddled  iron ;  26  cubic 
feet  of  turf  and  2,500  pounds  of  pig-iron  yielded  2,000  pounds  of  barr 
iron  of  superior  quality.  In  Bavaria,  also,  3,000  pounds  of  dense  turf  to 
2,450  pounds  of  puddled  iron  produces  a  ton  of  small  bars  of  flue  cjuality. 

Peat  charcoal  and  turf  charcoal  are  uuich  used,  and  tUejr  freedom 
from  sulphur  and  acids  renders  them  very  useful.  In  Holland  the  man» 
ufacture  of  brick,  alum- works,  breweries,  bakeries,  are  all  carried  on  with 
turf  as  fuel.  Mr.  Rogers,  at  the  request  of  the  Emperor  of  France,  made 
experiments  on  the  Paris  and  Orleans  Railway,  and  he  found  that  the 
quantity  of  steam  produced  by  peat  was  three  times  greater  tbau  that 
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of  coal  coke,  while  the  steam  was  got  up  in  one-half  the  time.  The  blaze 
was  so  great  as  to  pass  out  of  the  furnace  of  the  engine.  The  use  of 
peat  as  fuel  is  almost  universal  in  European  countries;  and  east  of  the 
Mississippi  the  attention  has  been  turned  in  that  direction  within  a  few 
years.  It  is  found  on  examination  to  be  widely  distributed,  and  it  is 
probable  that  it  will  be  found  to  a  greater  or  less  extent  in  every  State 
and  Territory  of  the  United  States.  The  area  covered  with  peat  will,  of 
course,  depend  much  on  the  geological  formation  and  the  climate.  We 
cannot  look  for  such  unlimited  deposits  in  the  West  as  in  the  East 
The  climate  of  the  West  is  too  dry,  and  there  is  comparatively  little  wet 
or  boggy  land,  and  an  extensive  swamp  is  hardly  known.  It  is  estimated 
that  there  are  120,000,000  tons  in  Massachusetts,  which  at  the  low  price 
of  $1  per  ton  would  yield  the  enormous  revenue  of  $120,000,000.  In  the 
State  of  Virginia  several  companies  have  been  organized  to  work  the 
peat-beds  of  that  State ;  and  it  has  been  ascertained  that  the  great 
Dismal  Swamp,  which  had  heretofore  been  regarded  as  waste  land,  is 
one  of  the  most  valuable  deposits  of  peat  in  America.  The  Dismal 
Swamp  Peat  Company  has  already  commenced  operations  with  marked 
success.  In  a  report  from  the  latter  company  the  following  paragraph 
occurs,  which  at  once  reveals  the  interest  connected  with  t^ese  great 
deposits: 

The  peat  of  fche  Dismal  Swamp  has  been  the  growth  of  uncounted  ages.  Bec«nt 
geological  Investigations  have  established  the  fact  that '  The  Bare  Garden/  which  is 
the  richest  and  best  portion  of  this  enormous  peat  field,  was  once  covered  by  a  gigantic 
forest  of  resinous  woods,  principally  the  gum-tree,  cypress,  juniper,  and  pitch-pine, 
which  flouiished  in  primeval  luxuriance.  When  these  forests  were  prostrated  by  con- 
vulsions, or  the  slow  process  of  decay,  they  were  decomposed  and  covered  with  mosses 
and  grasses  which  accumulated  for  many  centuries  until,  by  gradual  chemical  changes, 
peat,  extending  to  undiscovered  depths  and  richer  in  caloric  ingredients  than  almost 
any  other  peat  hitherto  discovered.  Analyses  of  specimens  by  the  ablest  chemists  in 
this  country  have  fully  att^^sted  its  value.  And  its  future  influence  on  this  country 
will  be  surpassed  only  by  the  great  coal  de]K>sits. 

If  the  few  words  written  on  this  subject  aid  in  awakening  an  interest 
in  this  matter  throughout  the  West,  the  object  will  be  attained. 


CHAPTEE  XL 

ARTIFICIAL  BUILDING  MATERIALS. 

The  importance  of  ascertaining  what  kind  of  building  material  can 
be  used,  not  only  in  the  Stat«  of  Nebraska,  but  in  a  large  portion  of  the 
West,  which  can  be  manufactured  without  the  use  of  fuel,  cannot  be 
overestimated.  In  this  chapter  I  have  gathered  such  facts  bearing  on 
this  point  as  seemed  to  me  to  be  of  value  to  the  i>eople  of  the  West^  and 
to  them  I  would  call  their  earnest  attention.  I  am  convinced  that  if  a 
company  could  be  formed  which  would  enter  ijito  the  business  of  making 
pressed  brick,  pise,  patent  concrete,  or  any  excellent  building  material 
which  could  be  afforded  cheap  to  the  settlers  of  these  almost  treeless 
plains,  it  would  confer  a  very  great  benefit  on  the  inhabitants,  and  se- 
cure a  large  pecuniary  return.  The  absence  of  fuel  either  above  or  be- 
neath the  surface  of  so  large  a  portion  of  the  West  will  be  my  excuse 
for  the  suggestions  which  I  shall  make  in  this  chapter,  whether  any  of 
them  are  ever  adopted  or  not. 

1.  In  regard  to  pisfe,  (pronounced  pefe-za,)  a  French  term  given  to  a 
method  of  building  which  has  been  long  in  use  on  aocomit  of  its  cheap- 


NEBRASKA  AND  PORTIONS  OF  ADJACENT  TERRITORIES.    73 

ness  and  economy  in  many  of  tbe  departments  of  France,  and  has 
always  commended  itself  on  account  of  its  neatness,  strength,  and  dura- 
bility, and  as  the  earthy  materials  for  such  buildings  are  very  abund- 
ant all  over  tbe  State,  and  indeed  in  every  part  of  the  West,  I  will  here 
give  a  brief  statement  of  the  method  of  preparation,  referring  the  reader 
to  Rees'  Cyclopedia,  under  the  article  Pise,  for  the  details  and  illustra- 
tions. The  walls  of  the  building  to  be  erected  are  formed  by  means  of  a 
mold  made  of  boards,  which  are  placed  on  their  sides  so  as  to  inclose 
a  space  equal  to  the  desired  thickness,  and  then  the  earthy  materials 
are  placed  in  this- mold  in  a  damp  condition,  and  rammed  into  a  com- 
pact mass  by  a  rammer  of  a  peculiar  kind,  when  it  is  left  to  dry.  This 
rammer  should  be  wedge-shaped,  and  made  of  the  hardest  kind  of  wood. 
Any  small  lumps  of  earth  are  thus  crushed  and  the  materials  are  well 
mixed,  while  the  surplus  water  in  the  earth  is  pressed  out,  and  the  par- 
ticles of  earth  are  more  closely  united.  Hence  these  houses  or  walls  are 
coDstracted  with  great  rapidity,  and  are  remarkable  for  their  healthi- 
ness, cheapness,  strength,  and  durability.  It  is  said  that  these  walls 
may  be  made  at  the  rate  of  three  courses  of  three  feet  each  in  length  in 
a  day,  and  that  as  soon  as  the  walls  are  high  enough  to  receive  the  roof 
the  heaviest  rafters  can  be  placed  upon  them  without  danger.  The 
next  question  that  arises  is,  where  shall  the  farmer  look  for  the  earthy 
materials  he  needs  for  his  purposes,  and  are  they  abundant  in  the 
State  f  The  materials  are  all  around  him  in  unlimited  quantities.  In 
Bees'  Cyclopedia  we  have  the  kinds  of  earth  given  which  are  suitable 
for  this  purpose :  1st,  all  earths  in  general  are  lit  for  such  use  when  they 
have  not  the  lightness  of  poor  lands,  nor  the  stiffness  of  clay;  2d,  all 
earths  fit  for  vegetation ;  3d,  brick  earths;  but  these,  if  .they  are  used 
alone,  are  apt  to  crack,  owing  to  the  quantity  of  moisture  which  they 
contain.  This,  however,  does  not  hinder  persons  who  understand  the 
business  from  using  them  to  good  advantage.  4th,  strong  earths,  with 
a  mixture  of  small  gravel,  which  for  that  reason  cannot  serve  for  making 
either  bricks,  tiles,  or  pottery.  These  gravelly  earths  are  very  useful, 
producing  the  best  work  of  this  sort.  Any  one  who  is  familiar  with 
those  vast  superficial  deposits  of  sand  and  gravel  which  cover  all  of 
Western  Nebraska  and  the  greater  portion  of  the  treeless  surface  of 
Colorado,  Montana,  and  Dakota,  know^  how  abundant  the  best  of  mate- 
rials are  for  this  kind  of  work.  There  are  also  certain  marks  by  which 
the  commonest  observer  may  determine  whether  the  right  kind  of  mate- 
rials are  in  his  vicinity.  When  a  spade  or  plow  brings  u^)  lumps  of 
earth;  when  arable  land  lies  in  lumps;  when  field  mice  are  able  to 
make  subterranean  passages;  when  roads  or  streams  form  ruts  or 
channels  in  the  ground  and  the  sides  remain  firm,  but  especially  are 
these  materials  found  in  great  abundance  at  the  foot  of  the  hills  where 
vines  are  planted,  and  all  sloping  cultivated  lands.  The  presence  of 
lime  greatly  improves  the  quality.  It  therefore  follows  that  the  yellow 
marl  which  attains  such  a  great  thickness  all  over  the  eastern  portion 
of  Nebraska,  must  be  especially  valuable  for  this  purpose.  In  case  the 
exact  kind  of  earth  is  not  found  at  the  place  where  it  is  necessary  to 
build,  it  is  important  to  learn  how  to  mix  the  earth  so  as  to  render  it 
suitable.  Strong  earths  must  be  tempered  with  light ;  when  clay  pre- 
dominates there  must  be  a  mixture  of  chalk  or  lime  and  sand,  and  the 
proportions  in  which  this  mixture  is  made  must  be  determined  by  the 
judgment  of  the  builder.  It  is  better  to  mix  some  small  pebbles, 
gravel,  rubbish,  indeed  any  small  mineral  substances,  but  nothing  of 
an  animal  or  vegetable  nature.  These  harder  substances  bind  the 
earth  firmly,  and  being  pressed,  and  pressing  in  all  directions,  renders 
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the  whole  more  firm  and  solid,  so  that  at  the  end  of  two  years  the 
wall  becomes  as  hard  as  freestone,  and  a  chisel  must  be  used  to 
break  it,  like  any  solid  rock.  This  material  can  also  be  used  for 
the  building  of  walls,  as  the  inclosiues  for  parks  and  gardens,  for 
fences,  for  fields,  &c.  The  ancients  used  it  for  making  rough  walls; 
the  Italians  now  use  it  for  the  construction  of  terraces  that  cover 
their  houses ;  the  Moors  for  all  their  walls  \  the  Spaniards,  French, 
and  others,  for  some  of  the  floors  of  their  apartments.  The  strength 
and  durability  of  these  houses,  built  in  this  way,  is  shown  from  the 
fact  that  some  of  them  have  been  pulled  down,  the  title-deeds  of 
which,  in  the  possession  of  the  i)roprietor8,  showed  them  to  be  one 
hundred  and  sixty-five  years  old,  and  they  had  been  kept  in  poor  repair. 
The  rich  traders  of  Lyons  have  no  other  way  of  building  their  country 
houses.  These  buildings,  by  painting  in  fresco,  may  be  made  to  look  as 
beautiful  as  the  owner  nmy  desire  by  the  use  of  red  or  yellow  ocher,  or 
any  other  mineral  paint.  Along  the  Khine  many  of  the  beautiful  man- 
sions which  gladden  the  eye  of  the  traveler  as  he  glides  along  its  banks, 
are  made  of  nothing  but  these  earths.  In  the  dry  climate  of  the  West 
these  houses  could  be  inhabited  almost  as  soon  as  finished.  Besides 
the  great  strength  and  cheapness  of  this  method  of  building,  it  has  the 
advantage  of  speed  in  its  execution.  One  may  calculate  to  a  day  the  time 
when  a  certain  work  can  be  completed.  It  is  known  that  two  men  can 
build  in  one  day  six  feet  square  of  the  Pise;  then  six  men,  which  is  the 
number  required  (three  in  the  mold,  and  three  to  dig  and  prepare  the 
earth),  will  build  in  sixteen  days,  or  at  the  end  of  three  weeks,  at  least 
228  square  feet  of  wall,  or  a  solid  and  lasting  habitation  sufficient  for 
the  necessities  of  a  family.  Six  men  can  complete  a  wall  540  feet  long 
and  6  feet  high  in  one  month,  and  twelve  men  can  finish  the  same 
work  in  fifteen  days.  Thus,  by  multiplying  the  number  of  molds  and 
w^orkmen,  the  rapidity  of  construction  will  be  proportionately  iucreasecL 
The  building  is  floored,  roofed,  and  finished  within  like  a  stone  or  brick 
house,  except  that  lathing  on  the  walls  is  not  necessary.  The  above 
facts  are  given  merely  to  show  the  simplicity  of  this  process  of  build- 
ing, and  its  admirable  adaptability  to  the  wants  of  the  western  people. 
Patent  concrete. — Although  Ransom's  patent  concrete,  which  is  so 
popular  in  England,  may  never  be  brought  into  general  use  in  this 
country  under  that  name,  yet  the  principle  involved  must  be  adopted 
to  a  greater  or  less  extent;  and  as  it  seems  to  be  so  valuable,  even  to 
the  production  of  a  better  and  stronger  building  material  than  can 
usually  be  found  in  a  natural  state,  I  will  here  notice  a  few  of  its  promi- 
nent features.  It  seems  to  me  very  proper  that  some  of  the  methods  of 
making  artificial  stones  be  briefly  described  in  this  connection,  in  order 
that  the  attention  of  builders  may  be  called  to  it  and  some  advantage 
be  taken  of  the  vast  supply  of  materials  that  cover  the  country.  The 
materials  which  are  used  in  forming  ihe  "patent  concrete"  are  mostly 
sand,  which  may  be  molded  into  any  form.  Even  rubbish,  fragments 
of  rock,  and  almost  any  kind  of  loose  sandy  material,  may  be  em- 
l)loyed,  and  there  is  scarcely  a  county  in  the  State  that  has  not  an 
abundant  supply.  The  rock  is  made  with  great  rapidity,  and  is  ready 
for  use  without  drying  or  burning.  It  hardly  requires  a  temporary  shed 
in  this  dry  climate,  for  its  manipulation  is  not  att'ected  by  the  weather. 
The  rock  becomes,  when  made  with  sand  and  cemented  with  the  silicate 
of  lime,  a  true  sandstone.  It  is  made  by  saturating  the  blocks  in  a 
solution  of  the  silicate  of  soda  and  then  applying  a  solution  of  the  chlor- 
ide of  calcium.  This  produces  a  rapid  double  decomposition,  leaving 
an  insoluble  silicate  of  lime  within  the  stone,  and  a  soluble  chloride 
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of  sodium  (or  common  salt,)  wbich  could  afterward  be  removed  by 
Ava^liing.  A  coating  of  banl  silicate  of  lime  lias  actually  lormed  and 
deposited  on  the  surface.  Mr.  Ransom  made  small  blocks  of  various 
forms  in  the  presence  of  a  committee  appointed  for  the  purpose  of 
examining  the  merits  of  this  invention,  mixed  coarse  sand  with  the 
fluid  silicate  of  soda,  and  then  dipping  the  moUl  into  the  chloride  of  cal- 
cium, there  came  out  abnost  instantly  a  ctunpact,  solid,  and  evidently 
durable  material.  In  such  solids  there  ap[)ears  to  be  no  element  of 
destruction.  Many  experiments  v.ere  tried  to  ascertain  the  strength  of 
thiii  material,  and  it«was  found  that  very  few  of  the  natural  rocks  could 
compete  w  ith  it.  It  was  compared  with  the  celebrated  Portland  and 
Caen  stone,  and  found  that  a  bar  of  tlie  concrete  stone  4  inclies  square 
and  8  inches  between  the  supports  sustained  2,122  pounds,  while  the 
Portland  and  Caen  broke  respectively  at  7.10  and  780  ]}ouuds.  It  was 
also  shown  that  the  adhesion  of  the  concrete  by  suspension  was  1,980 
pounds,  while  the  others  separated  at  1,101  and  708  pounds.  The 
lectures  of  I'rofessor  Ansted,  of  England,  on  the  various  kinds  of  eco- 
nomical rocks  are  of  great  interest,  and  he  particuhirly  commends  tliis 
concrete  as  one  of  the  cheapest,  mo»t  beauHlul,  and  durable  of  our  arti- 
ficial building  materials. 

In  connection  with  this  subject  I  would  call  the  attention  of  the  west- 
ern people  to  the  American  Building-Block  Company,  the  office  of  which 
is  at  No.  24  Vesey  street,  New*  York.  The  luinciple  involved  is  very 
similar  to  the  one  already  described.  The  merits  of  this  invention  nmy 
be  best  explained  by  the  following  extracts  from  a  pamphlet  published 
by  the  company : 

A  good,  dnrsible  material  for  the  coiistrnctkm  of  buildiii^s,  tb.it  combioos  facility  of 
niuDu  fact  lire,  cbeapness,  beauty  of  color  and  sbape,  couveiiiouce  in  handling,  resist  jiuee 
nj^ainst  changes  of  atmosphere,  andconjpletc  litnessforthe  uses  for  which  it  is  intended, 
li;is  been  a  want  so  well  undei-stood,  that  much  time,  capital,  and  labor  have  been  de- 
voted to  its  attainment. 

The  building-bhx^ks  manufactured  by  this  company  are  believed  to  fully  and  com- 
pletelj'  meet  all  thi'  above  requirements.  ^ 

These  blocks  are  easily  and  rapidly  made,  each  machine  beinij  capable  of  turningout 
al)out  live  thousand  per  day,  and  three  or  lour  machines  may  bo  run  by  one  steam  en- 
gine of  thirty-horse  power. 

They  aie  c<  mi  posed  of  the  cheapest  ki)own  materials — mainly  sand  and  lime — and  are 
made  in  such  fonu  and  size  that  walls  cau  be  constructed  from  them  as  cheaply  as  with 
giKwl  common  brick. 

In  their  external  ap])earance  these  blocks  make  a  building  of  unsurpassed  beauty. 
The  sha))e  is  entirely  uniform,  with  shari),  well-deliued  lines,  and  they  can  be  made  of 
every  variety  of  sha^le,  from  a  pure  white  to  a  dark-brown  stone  color. 

These  blocks,  as  now  manufactured,  are  ten  inches  long,  five  inches  wide,  and  four 
inches  thick,  containing  two  hundred  cubic  inches,  and  weighing  about  eleven  pounds 
fach;  they  liave  an  air-chamber  running  through  the  center,  which  facilitates  tho 
handling  of  them,  both  in  transportation  and  in  their  construction  into  buildings. 

The  fact  that  air  is  one  of  the  best  non-conductors,  and  a  wall  built  with  these  blocks 
having  air-chambers  running  vertically  through  the  entire  wall,  shows  conclusively 
that  changes  of  temperature  will  be  less  felt  in  houses  constructed  from  them  than  iu 
those  built  of  any  other  material. 

The  blocks,  from  the  nature  of  the  material  used,  and  the  severe  pressure  to  which 
they  are  8ubjecte<l  in  process  of  manufacture,  are  very  durable  iu  their  character,  as  it 
is  a  well-known  and  established  fact  that  mortar  composition,  properly  made,  is  tho 
most  enduring  of  all  substances,  withstanding  exposure  for  centuries,  and  constantly 
growing  hanler  by  atmospheric  changes,  until  it  becomes  a  perfect  stone. 

These  blocks  have  been  subjected  to  every  conceivable  test — have  been  immersed  in 
water  until  they  have  absorbed  all  the  moisture  which  they  could  hold,  and  in  that 
condition  have  been  exposed  to  severe  frosts  and  then  thawed,  and  the  same  process 
repeated  again  and  again.  After  being  subjected  to  all  the  alterations  of  the  atmos- 
phere, the  result  in  all  cases  has  but  proved  the  imlestnictibility  of  the  block.  And  it  is 
belie vetl  to  ])088ess  all  the  enduring  qualities  of  the  old  Koman  mortars,  which  have 
existed  unchanged  for  over  three  thousand  years,  except  to  become  harder  and  harder. 

Blocks  identical  iu  ithaj)c  and  size,  but  not  iu  harduess^  kuowu  aa  t\ie  Yo^tA^t  \A!(^Os.^ 
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and  composed  of  much  the  same  materials  as  those  manufactured  by  this  company, 
have,  fortunately  for  the  actual  test  of  their  durability,  been  made,  and  houses  built 
from  them  ten  or  eleven  years  ago.  These  houses  are  stronger  and  better  to-day  than 
when  first  erected.  The  material  would  long  since  have  been  in  general  use,  but  for 
the  difficulties  and  obstacles  which  have  now,  happily,  been  overcome  by  means  of  de- 
vices and  improvements  which  are  covered  by  several  letters-patent  owned  by  this 
company.  The  block,  as  before  stated,  is  mainly  com]K>sed  of  lime  and  Baud,  and  is 
molded  under  immense  pressure;  but  in  addition  to  the  pressure,  the  blocks,  as  form- 
erly made,  required  time  to  become  sufficiently  hard  to  be  fit  for  use ;  this  was  an 
objection.  The  machines  used  to  mold  them  were  presses  made  in  various  ways,  not 
one  of  which  prove<l  strong  enough  to  do  the  work  for  any  profitable  len^h  of  time. 
This  was  a  very  serious  obstacle.  And  the  fact  of  the  blocks  l>eiug  insufficiently  solidi- 
fied by  pressure,  and  the  want  of  experience  and  knowledge  in  the  manipulation  and 
after-treatment  of  the  materials  forming  the  blocks,  caused  some  of  them  to  be  made  of 
an  inferior  quality,  which  did  the  composition  injustice,  and  has  retarded  their  general 
introduction. 

The  first  of  these  difficulties  has  been  overcome  by  improvements  in  the  composition 
and  mode  of  treating  the  mixture  before  and  after  pressure. 

The  second  has  been  overcome  by  the  invention  of  a  machine  so  constructed  as  to 
produce  all  the  density  attainable. 

The  theory  of  this  composition,  relative  to  its  strength  and  durability,  is  simple  and 
easily  understood,  and  has  been  fully  demonstrated  to  be  practically  and  chemically 
true. 

Clean,  sharp  sand,  when  br«3Ught  in  contact  with  caustic  lime  in  correct  proportions, 
and  under  right  conditions,  with  proper  manipulation  and  after-treatment,  produces  a 
partial  decomposition  of  the  sand,  by  which  silicate  of  lime  is  generated — an  indUmensO' 
hie  condition  and  an  invariable  result.  In  this  condition  the  composition  is  ready  ^r  the 
mold  and  the  press.  The  block  thus  formed,  when  exposed  to  the  air,  gradually 
parts  with  a  portion  of  its  moisture,  and  begins  to  absorb  carbonic  aeid  from  the  air, 
for  which  the  lime  has  an  affinity.  This  process  goes  on  slowly ;  a  portion  of  the  wat<er 
present,  and  that  afterward  absorbed,  being  chemically  taken  up  and  combined 
in  the  form  of  crystallization.  This  process  goes  on  until  the  interstices  of  the  stone 
are  filled  up,  and  the  block  become*  non-absorbant,  growing  harder  for  yejirs,  by  the 
action  and  effect  of  the  very  agents  that  destroy  freestone,  marble,  brick,  &c.,  viz, 
water,  frost,  and  carbonic  acid  from  the  atmosphere. 

The  novel  form  of  this  block,  having  an  air-chamber  running  vertically  through  the 
center  of  each  block,  six  inches  long  by  one  inch  wide,  is  so  arranged  as  to  secure  a  cir- 
culation of  air  through  the  entire  wall,  operating  as  a  perfect  non-conductor  of  moisture, 
cold  and  heat,  making  a  perfectly  dry  wall  inside,  a  cool  house  in  summer,  and  a  warm 
one  in  winter. 

This  perforation  likewise  facilitates  the  seasoning  or  hardening  of  the  block  evenly 
and  thoroughly,  prenentiug  more  surface  to  the  action  of  the  elements  that  perfect  the 
block.  The  size  of  the  block  above  alluded  to  is  considered,  for  general  purposes,  the 
most  convenient,  but  the  manufacturer  is  by  no  means  confined  to  it ;  for  it  is  contem- 
plated to  make  all  sizes,  from  that  of  the  common  brick  to  the  ordinary-sized  brown  stone 
and  marble  fronts,  plain  or  fancy,  as  it  may  be  molded  in  any  desired  form,  and  is, 
therefore,  adapted  to  all  kinds  of  buildings,  as  churches,  halls,  factories,  houses,  stores, 
cottages,  stables,  barns,  or  any  other  class  of  buildings,  including  bridges,  sewers, 
docks,  water  and  drain  pipe,  lawn  and  gaixlen  ornaments,  tiles,  statuary,  vaults,  or- 
namental work,  &c.,  combining,  it  is  believed,  more  positive  advantages  than  any  other 
building  material  now  in  use. 

While  this  block  has  heretofore  been  rather  imperfectly  made,  it  has  stood  the  test 
of  time  and  the  elements.  Ample  evidence  is  at  hand  to  prove  to  the  entire  satisfac- 
tion of  the  most  skeptical  the  durjibility  of  the  block.  Buildings  constructed  ten  years 
since  from  it  have  clearly  demonstrated  its  indestructibility.  The  intelligent,  practi- 
cal mason,  familiar  with  its  component  partsT,  admit-s  it  to  bo  reliable ;  and  those 
learned  in  the  science  of  chemistry,  pronounce  it  imperishable ;  and  the  only  reason 
why  this  material  has  not  been  more  generally  introcluced  to  the  public  for  building 
purposes  was  for  the  want  of  proper  machinery  to  manufacture  the  blocks. 

Years  of  time  and  thousand  of  dollars  have  been  expended  in  efforts  to  reach  the 
point  where  we  now  stand.  We  are  now  prepared  to  offer  to  the  public  the  results — a 
building  material  which  possesses  the  following  merits,  many  of  which  are  peculiar  to 
itself: 

1.  Its  material  composition  is  such  that,  so  long  as  the  laws  of  chemistry  liold  good, 
time  will  but  make  it  more  durable. 

2.  It  is  made  in  such  form,  and  with  such  exactness  of  outline  and  dimensions,  that 
walls  built  with  it  give  complete  protection  against  atmospheric  changes,  and  are  fire- 
proof. Buildings  can  be  finished  cheaper  and  better  than  if  of  brick  or  wood.  In- 
terior walls  may  be  left  unplastered  when  desired,  or,  if  plastering  be  preferred,  it  can 
be  hod  at  one-third  of  the  cost,  and  of  a  better  and  more  durable  quality  than  by  ordi- 
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nary  modes,  as  a  coat  of  hard-finish  may  be  applied  directly  upon  the  face  of  the  wall, 
for  which  it  ha«  a  strong  affinity,  attaching  itself  so  firmly  that  it  cannot  be  scaled  off, 
thus  saving  the  expense  of  studding,  furring,  lathing,  and  two  coats  of  plaster,  and 
leaving  no  hiding  place  for  vermin  that  so  frequently  find  shelter  in  a  lath-aud-plas- 
tered  wall.  The  saving  of  the  item  of  plaster  is  estimated  to  be  about  seven-eignths 
over  the  quantity  required  in  coustrnctuig  a  brick  lath-and-plastered  house.  There  is 
another  advantage  gained,  which  is,  the  certainty  of  having  walls  that  will  never  crack 
in  the  plaster. 

3.  The  affinity  of  mortar  for  the  material — both  being  of  the  same  nature — is  such 
that  the  bond  is  much  stronger  than  in  the  case  with  brick  or  stone.  In  this  respect 
the  superiority  is  so  great  that  it  must  be  seen  to  be  fully  realized,  as  a  wall  built  n'om 
this  material  l»econies,  in  fact,  one  compact  mass  of  stone. 

4.  The  sharpness  of  outline,  the  shape  and  size,  the  exactness  of  dimensions,  (which 
are  not  warped  or  impaired  by  burning,  after  being  molded,)  and  the  color  of  the 
blocks,  which  can  be  modified  or  varied  to  suit  the  taste,  all  furnish  the  skillful  archi- 
tect with  means  for  producing  the  most  beautiful  effects. 

For  the  interior  of  churches  and  public  buildings,  designed  to  be  finished  in  imitation 
of  stone-work,  it  is  most  admirably  adapted,  either  for  columns,  walls,  or  ceilings,  espe- 
cially if  arched  and  groined,  as  it  is  not  li.ible  to  discoloration  or  cracking,  as  is  tho 
case  with  lath  and  piaster.  You  get  all  the  effV'cts  and  durability  of  real  stone  at  a 
small  part  of  the  cost,  and  the  subdued  color  of  the  blocks  gives  a  tone  and  quality 
most  grateful  to  the  eye. 

5.  The  economy  attainable  by  their  use  is  not  the  least  advantage.  These  blocks 
may  l>e  made  wherever  good  sharp  sand  can  be  found,  (the  places  where  sand  is  not 
obtainable  are  rare,)  in  sections  where  there  is  neither  stone  nor  clay  for  bricks,  and 
in  such  districts  the  value  of  these  inventions  can  hardly  be  overestimated. 

The  above  statement  being  true,  have  we  not  that  which  will  satisfy  the  great  want 
that  has  been  felt  throughout  the  ages,  from  the  time  when  men  became  wise  enough 
to  build  houses  rather  than  huts?  Combining  the  great  elements  of  durability,  avail- 
ability, the  greatest  possible  protection  from  atmospueric  changes,  strength  of  walls  as 
a  whole  and  in  all  their  parts,  beauty  in  color  and  texture,  in  form  and  proportion, 
cheapness  without  a  sacrifice  of  any  requirement — what  more  can  be  desired  f 

Professor  E.  N.  Horsford,  of  Cambridge,  Massachusetts,  one  of  the 
most  eminent  chemists  and  scientific  experts  in  this  country,  made  a  most 
careful  examination  of  the  merits  of  the  building  block  manufactured 
by  this  company. 

Foster^s  patent  is  neiv.    It  differs  from  common  sand  and  lime  mortar  in  essential 

Earticulars.  It  is  a  stone,  while  mortar  is  a  material  for  binding  stones  together.  The 
ktter  cannot  be  substituted  for  the  former.  Foster's  stone  owea  its  distinguishing 
characteristic  to  its  having  been  produced  under  pressure.  By  means  of  this  pressure 
and  the  small  proportion  of  water  employed,  a  product  is  obtained  from  common  ma- 
terials, suited  to  new  and  distinct  uses,  where  uniform  size  and  determined  form  are 
important — an  in  the  erection  of  buildings — and  in  which  great  density  and  strength 
are  required.  By  means  of  this  pressure  the  sand  grains  are  settled  into  positions  of 
less  mobility,  and  more  surfaces  have  been  brought  into  contact  or  close  proximity. 
Within  the  stone  there  is  developed  silicate  of  lime,  a  cement,  at  the  surface  of  each 
sand  grain  and  binding  it  to  its  fellow.  This  cement  is  more  effective  because  of  the 
sand  grains.  The  less  the  thickness  of  the  layer  of  cement  required  the  more  effective 
it  is.  The  hardness  of  Foster's  stone  is  due  in  some  degree  to  the  formation  of  hydrate 
of  lime,  and  double  hydrate  and  carbonate  of  lime,  a^  in  commou  mortar,  and  to  the 
formation  of  silicate  of  lime  at  the  surface  of  the  sand  grains,  but  more  to  the  pressure, 
which,  by  reducing  the  thickness,  has  increased  the  effectiveness  of  the  cements. 
Common  'mortar,  in  setting  or  drjing,  becomes  porous  from  the  escape  of  surplus  water. 
Through  the  pores  thus  left,  the  carbonic  acid  of  the  air  enters  and  forms  the  double 
hydrato  and  carbonate ;  but,  at  the  same  time,  i)revents  the  formation  of  the  more 
tenacious  silicate  of  lime. 

I  have  analyze<l  a  series  of  samples  of  artificial  building  stone,  made  by  Foster  and 
others — one  of  them  that  had  ser\-ed  eleven  years  as  part  of  a  foundation  wall,  and 
others  of  various  lesser  ages,  some  of  them  only  a  few  days  old.  lu  the  oldest  of  them 
only  was  the  lime  all  combined  and  rendered  substantially  insoluble.  This  sample 
was  nearly  as  hard  as  Connecticut  River  sandstone.  Others  of  only  a  few  months'  age 
were  equally  hard  at  the  surface,  but  less  firm  in  the  interior.  The  surface  of  a  freshly- 
made  block,  exposed  to  the  air,  rapidly  hardens,  while  the  changes  within  are  slower. 
A  fresh  fracture  of  a  block  several  years  old  shows  a  zone  of  peculiar  shade,  extending 
from  the  outer  surface  toward  the  heart  of  the  stone.  This  zone  marks  the  progress 
of  certain  chemical  changes  which  attend  the  hardening  process,  and  iUustrates  the 
fact  of  the  improvement  of  the  stone  with  age.  These  changes  are  accotup\MV\^  \i^ 
increase  in  weiffht,  due  to  carbonic  acid  abaorbed  from  the  air,  and  nioiBtxMCft  oX>^x\i^^ 
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and  coml)iiied  "with  tlie  steadily  forming  silicate  of  lime.  I  have  found,  by  experiment 
and  analysis,  that  a  block  of  Fostei'^s  building  stone,  eleven  years  old^  contains  from 
ten  to  fourteen  times  as  much  silica  combined  with  the  lime  in  the  process  of  manu- 
facture, juid  after  it  was  molded  and  pressed,  as  was  contained  in  a  fresh  block  made 
by  the  same  process.  This  increased  amount  of  silicate  of  lime,  as  well  as  of  double 
hydrate  and  carbonate  of  lime,  is  in  keeping,  as  already  suggested,  with  the  observed 
increased  hardness  of  the  stone  as  it  grows  older. 

The  newness  of  Foster's  patent  is  iu  the  process  and  in  the  proportions  of  the  ingre- 
dients he  employs,  rather  than  in  the  character  or  kind  of  the  ingredients  themselves. 
Of  these  ingredients  he  makes  a  portable  stone  of  definite  form,  having  the  same  kind 
of  advantage  for  buikling  purposes  that  bricks  have.  The  originality  and  validity  of 
the  patent  seem  to  me  beyond  doubt. 

Van  Derburgh's  invention  is  the  application  of  heat  to  the  mixture  of  sand  and 
moist  hydrate  of  lime,  to  increase  the  amount  and  eftectiveness  of  the  cement  before 
the  blocks  arc  molded.  The  amount  of  cement  is  increased,  inasmuch  as  the  prodnctiou 
of  silicate  of  lime  from  a  mixture  of  sand,  lime,  and  moisture  is  facilitated  by  heat,  as 
I  have  demonstrated  by  experiment,  and  this  has  been  brought  to  bear  for  a  length  of 
time  before  the  materials  are  molded  and  pressed.  The  eff'ectiveness  of  the  cement  is 
increased,  since  the  mode  of  manufacture  spreads  the  cement  more  uniformly  over  the 
surface  of  the  sand  grains. 

It  has  been  found  in  practice  that  blocks  made  by  Foster's  process  are  subject  to  the 
condition  of 'the  atmosphere,  whether  moist  or  otherwise — tbat  is  to  say,  under  the 
influence  of  a  diy  atmosphere,  immediately  after  molding  and  pressing,  they  do  not 
haiden;  whereas  blocks  made  by  Van  Derburgh's  process  are  not  inliuenced  by  the 
hygrometric  condition  of  the  atmosphere,  but  the  process  of  hardening  goes  steadily 
and  uniformly  forward.  It  is  also  found,  in  practice,  that  by  first  slaking  the  lime 
and  then  mixing  it,  as  a  powder,  with  moist  sand,  as  in  the  process  of  Foster,  the 
t^lnktd  lime  does  not  so  effectually  and  uniformly  coat  the  sand  as  when  the  mixture 
is  xuade  with  moist  sand  and  finely-ground  unslaked  lime,  and  the  whole  subjected  to 
heat  during  the  process  of  slaking,  as  in  the  method  of  Van  Derburgh.  By  slaking 
the  lime  in  confined  space,  with,  or  by  means  of,  the  moisture  at  the  surface  of  the 
sand  grains,  the  nearness  of  the  hydrate  of  lime  formed  to  the  silica,  on  which  it  is  to 
act,  is  greater,  and  its  chemical  affinity  is  greater,  both  from  the  nearness  and  from  the 
heat  due  to  slaking,  and  to  the  admitted  steam,  than  it  can  be  where  the  hydrate  is 
cold  and  dry,  and  encounters  moisture  at  the  surface  of  the  sand  grains.  In  the  latter 
case  the  condition  approximates  to  that  of  milk  of  lime  and  sand,  in  which,  according 
to  Fuchs  and  Petzholdt,  little  or  no  action  takes  place.  In  the  former,  chemical  aflinity 
between  the  silica  and  lime  is  aided,  not  only  by  the  nearness  and  heat,  but  also  by  the 
nascent  condition  of  the  caustic  lime,  at  the  instant  of  its  slaking,  in  contact  with  the 
sand.  In  Van  Derburgh's  process  the  ingredients  enter  the  block  in  a  more  advanced 
stage  of  the  chemical  action  that  is  to  result  in  solidification ;  more  freshly-formed 
silicate  of  lime  exists  in  the  block,  when  molded  and  pressed,  luider  Van  Derburgh's 
imx^roved  process  than  under  the  process  of  Foster.  Microscopic  examination  shows 
the  individual  sand  grains  in  a  Van  Derburgh  block  to  be  coated  by  a  more  transpa- 
rent crystalline  cement  than  is  the  case  in  Foster's  block.  This  trans])arency  and  crys- 
talline character  are  evidences  of  greater  tenacity  in  the  cement,  because  of  the  greater 
extent  of  surt'ace  and  thickness  through  which  the  cement  exerts  its  binding  force. 
They  are  due  in  part  to  the  hydrated  silicate  of  lime,  in  part  to  the  double  hydrate 
and  carhonate,  and,  doubtless  also,  rn  a  fresh  fracture,  to  the  crystallized  hydrate. 
This  hydrate,  on  exposure  to  the  atmosphere,  absorbs  carbonic  acid,  fofniing  additional 
double  hydrate  and  carbonate,  which  imparts  greater  tenacity  and  hardness  to  the 
extent  of  the  action,  and  accounts,  for  the  most  part,  for  the  rajud  hardening  which  a 
fresh  surface  experiences  on  exposure  to  the  atmosphere. 

I  have  prepared  samples  of  building  blocks  from  Berkshire  sand  and  chemically  pure 
lime,  as  nearly  as  might  be  in  the  laboratory,  acconling  to  the  practical  working  of 
Van  Derburgh's,  and  according  to  the  patent  of  I'oster.  These  blocks,  upon  analysis, 
gave  the  following  results : 

Silicic  acid  combined  with  lime,  for  every  hundred  parts  of  quicklime  employed — 

In  Van  Derburgh's 5.02 

In  Foster's 2. 7G 

I  have  also  analyzed  a  block  of  Van  Derburgh's  stone,  some  twenty  months  old,  and 
find  the  proportion  of  silica  derived  from  the  sand  of  the  block,  by  the  action  (»f  the 
lime  at  the  time  the  block  was  made,  and  during  the  period  that  has  since  elapsed,  t(» 
be  very  large.  Assuming  the  composition  of  the  block  to  be  nine  of  sand  to  one;  of 
quicklime,  I  find  the  proportion  of  silica,  produced  by  the  action  of  the  lime,  to  Ix^ 
41>.<>7  for  every  hundred  of  lime.  This  percentage,  coujparcd  with  the  silica  of  a  block 
of  Vhu  Derburgh's  stone  freshly  prepared,  using  chemically  i)ure  lime,  gives  a  ratio  of 
0.74iU>,  0M751y  or  nearly  10  to  1.    Compared  with  the  silica  in  a  block  .of  commercial 
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qnicklime,  it  gives  a  ratio  of  about  42  to  1 ;-  while  Foster's  block,  eleven  years  old, 
gives  a  ratio  in  the  best  specimen  of  13.5  to  1. 

I  Lave  foand,  by  experiment,  that  a  fresh  block,  made  by  Foster's  process,  placed  in 
an  atmosphere  made  artificially  dry,  does  not  harden  so  rapidly,  or  so  thoroughly,  as 
in  ordinaiy  atmospheric  air,  and  especially  as  in  mbist  atmospheric  au*.  I  have  also 
foond  that,  in  an  atmosphere  highlj'^  charged  with  carbonic  acid,  the  hardening  of  the 
block  does  not  seem  to  bo  promoted,  if  ttie  atmosphere  be  dry.  These  results  might 
have  been  inferred  from  the  general  principle  that  the  chemical  action  of  the  lime  on 
silica,  as  well  as  the  absorption  of  carbonic  acid,  and  its  combination  with  lime,  de- 
mand moisture.  They  confirm  the  results  of  experience  with  the  Foster  building 
blocks,  before  mentioned,  and  enable  one  to  see  why  a  block  in  which  more  silicate  of 
lime  is  formed  at  the  outset,  as  in  Van  Derburgh's,  should  be  less  dependeut,  for  its 
hardness,  on  the  hygrometric  condition  of  the  atmosphere. 

I  regard  the  practical  working  under  the  Van  Derburgh  patents,  as  now  carried  out, 
as  ba^  upon  a  new  and  distinct  invention,  producing  results  decidedly  superior  to 
those  formerly  obtained  by  the  process  of  Foster. 

I  have  given  an  opinion  to  Mr.  Strout,  of  Portland,  on  the  claims  of  Foster,  Van 
Derbnrgh,  Ransome,  Ruschhaupt,  and  other  patentees,  in  which  my  attention  had 
been  drawn  to  only  three  out  of  seven  of  Van  Derburgh's  patents  bearing  on  tho 
subject.  From  the  language  of  the  patents  submitted  to  mo,  I  did  not  gam  a  just  con- 
ception of  Van  Derburgh's  processes,  as  practically  carried  out,  and  objected  to  them 
on  accoaut  of  the  apparently  great  time  required,  and  the  motlerate  i^rodnction  to  be 
exi)ected.  I  have  become  satisfied  from  actual  inspection  of  the  process  of  manufac- 
tnre  that  this  gi-eat  time  is,  in  practical  working,  unnecessary,  and  that  the  whole 
operation  is  very  simple,  and  permits  continuous  and  rapid  mixing,  molding,  and 
pressing. 

The  claims  of  Van  Derburgh,  Ransome,  and  Ruschhaupt,  to  some  extent,  cover  com- 
mon ground. 
Van  Derburgh  may  justly  claim  : 

Ist.  The  slaking  cf  the  lime  in  contact  with  the  moist  sand,  which  is  to  be  made  into 
bnilding  blocks,  and,  after  subsequent  dampening,  subjecting  the  mixture  to  pressure 
to  foriu  bailding  blocks. 

2il  Tlie  application  of  heat  to  a  mixture  of  lime,  in  the  process  of  slaking,  and 
moist  sand,  tne  heat  being  derived  from  the  slaking  lime,  or  from  this  and  other 
sources  combined,  i)reparatory  to  pressing  int-o  blocks. 

3d.  The  slaking  of  the  lime  in  contact  with  the  moist  sand  in  confined  space,  l»y 
^hich  very  great  heat  is  brought  to  tho  aid  of  the  chemical  action  of  the  caustic  liiiie 
on  the  silica  of  the  sand. 

4th.  The  subjection  to  prejisure  of  a  mixture  of  moist  sand  and  lime,  slaked  in  con- 
tact with  the  sfind^f  tho  mixture,  after  having  been  subjected  to  heat. 

5th.  The  use  of  a  mixture  of  lime,  slak«;d  or  unslaked,  with  sand,  with  the  addition, 
of  a  liquid  silicate  immediately  before  molding  and  pressing. 

6th.  The  satunition,  with  a  solution  of  an  alkaline  silicate,  of  blocks  made  by 
pressing  a  mixture  of  moist  sand  and  caustic  lime. 

7th.  The  use  of  saccharate  of  lime  and  soluble  silicates  in  the  formation  of  silicate 
of  lime  in  building  blocks. 

8th.  The  use  of  freshly-broken  sand  grains,  to  fill  interstices  between  coarser  grains, 
and  thus  produce  a  smoother  and  harder  artificial  stone. 

9th.  The  application  of  pressure,  by  percussion,  .to  a  mixture  of  sand  and  lime,  in 
whatever  form  hiii  patents  cover. 

That  the  inaiiufactiire  of  artificial  building  materials  without  the  use 
of  fuel  will  be  an  object  of  zealous  pursuit  is  an  absolute  necessity. 
The  various  earths  for  that  purpose  are  distributed  all  over  the  countr}^ 
in  the  greatest  abundance,  and  the  i)eculiar  dryness  of  the  atmosphere 
renders  the  climate  especially  adapted  to  success  in  that  direction.  The 
above  extracts  have  been  made  in  this  chapter  for  the  purposes  of  con- 
veying information  to  the  people  of  the  West  on  this  most  important 
sabject,  and  we  propose  to  pursue  it  much  farther  in  future  reports. 
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Note.— When  this  report  was  prepared,  it  was  understood  by  the  writer  that  it  would 
be  iiiiblished  in  royal  octaro  size,  and  the  accompanying  plates  were  arranged  accord- 
ingly. It  was  subsequently  decided,  however,  by  the  authorities,  that  tho  regular 
edition  would  have  to  be  printed  on  the  smaller  standard-sized  octavo  paper  uwhI  for 
public  documents;  consequently  it  was  found  that  the  edges  of  the  plates  would  either 
nave  to  be  folded,  or  that  they  would  have  to  be  in  some  way  reduced  in  size.  As  thoy 
could  not  well  be  reariranged  so  as  to  remedy  the  difficulty,  it  was  finally  determined  to 
have  a  photograph  of  each  plate  made  one-eighth  diameter  less  than  originally  pre- 
pared, so  that  the  lithographer  could  make  his  tracings  of  outlines  and  details  from 
these  reduced  photographs,  and  then  finish  the  shading  of  the  same  directly  from  the 
original  drawings :  which  task  has  been  well  executed  by  Mr.  Sinclair.  This  brings  the 
plates  to  the  required  size,  and  at  the  same  time  diminishes  the  individual  figures  so 
slightly  that  those  originally  drawn  of  natural  size  are,  in  scarcely  any  case,  less  than 
the  smaller  sized  adult  individuals  of  the  species,  while  those  that  were  at  first  drawn 
larger  than  natural  size,  are  only  a  little  less  magnified  in  the  lithographs.  In  order  to 
prevent  any  misapprehensions  in  regard  to  the  sizes  of  the  fossils,  however,  careful 
measurements  are  in  all  cases  given  in  the  text  in  connection  with  the  description  of 
each  species. 

F.  B.  M. 


REPORT  ON  THE  PALEONTOLOGY  OF  EASTERN  NEBRASKA, 

WITH 

SOME  REMARKS  ON  THE  CARBONIFEROUS  ROCKS  OF  THAT  DISTRICT. 


BY  F.   B.  MEEK. 


.-  ♦ 


INTRODUCTORY  RE]!1ARKS. 

There  are  probably  few  well-informed  geologists  who  will,  at  the  pres- 
ent time,  maintain  that  the  occnrreuoe  of  a  very  similar,  or  even  the 
same  group  of  fossils,  at  widely  separated  localities,  necessarily  proves 
the  rocks  in  which  they  are  found  to  be  of  exactly  contemporaneous 
origin.  The  most  that  is  now  generally  maintained  in  this  regard  is, 
that  such  identity  or  ec.rrespondence  of  tyi>es  at  very  distajitly  separated 
parts  of  the  world,  indicates  that  the  strata  in  whicli  they  are  embedded 
were  formed  during  the  prevalence  of  identical  or  similar  physical  con- 
ditions at  some  time  during  the  same  great  geological  ejioch,  and  that 
they  hold  the  same,  or  nearly  the  same,  relative  position  in  the  geolog- 
ical column  of  their  respective  districts.  For  instance,  although  a  stratum 
in  the  Rocky  Mountains,  containing  the  remains  of  very  nearly  the 
same  fauna  as  some  particular  subdivision  of  the  Devonian  system  of 
Europe,  might,  for  aught  we  know,  be  hundreds  of  years  older  or  newer 
than  that  particular  division,  we  would  have  little  or  no  room  for  doubt- 
ing that  it  belonged  to  the  great  Devonian  series,  or  possibly  even  to 
some  definite  known  horizon  in  that  series.  We  could  moreover  very 
positively  assert,  in  such  a  case,  that  it  would  be,  according  to  all  past 
experience,  useless  to  seek  there  at  any  lower  geological  horizon  for 
workable  beds  of  coal,  pr  to  expect  to  find  Silurian  rocks  or  any  of  their 
peculiar  products  above,  supposing  there  had  been  no  overturning  of 
the  strata  at  the  particular  localities. 

Hence,  although  paleontology  does  not  enable  us  to  ascertain  the 
exact  actual  ages  of  rocks — when  applied  with  due  caution  and  skill  in 
connection  with  a  careful  observance  of  their  stratigrapliical  arrange- 
ment and  lithological  and  other  physical  characters — it  does  afford  the 
means  of  fixing  their  relative  ages,  as  well  a«  of  identifying  the  same 
beds  at  different  localities,  within  given  fields  of  observation,  with  very 
considerable  precision.  It  is  therefore  not  merely  one  of  the  more  im- 
portant aids  to  the  geologist  in  his  investigations,  but  in  the  present 
state  of  geological  science,  it  is  the  only  sure  guide  in  classifying  and 
determining  the  order  of  succession  of  rocks,  where  this  cannot  be  done 
by  their  actual  continuity  or  obvious  superposition.  For  these  reasons, 
it  is  now  the  universal  practice,  in  all  geological  sur\'^eys  conducted  upon 
sound  scientific  principles,  to  devote  especial  attention  to  this  depart- 
ment. 

In  the  present  instance,  this  becomes  the  more  particularly  desirable 

*  I  am  under  o])ngatiou8  to  Professor  Henry  for  aU  desired  facUities  whUe  preparing 
this  report,  at  the  Smithsonian  Institution. 
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in  order  to  throw  as  much  light  a«  possible  upon  questions  of  both  sci- 
entific and  economical  bearing,  since  rather  widely  different  \iews  are 
entertained  by  geologists  in  regard  to  the  age  and  position  in  the  geo- 
logical column,  of  spme  of  the  rocks  in  Eastern  Nebraska,  with  relation 
to  the  Coal-Measures  and  otJier  Carboniferous  deposits  of  this  country 
and  Europe. 

This  discordance  of  opinion  has  caused  the  writer  to  enter  into  more 
minuteness  of  detail  in  giving  local  sections,  and  repeated  lists  of  fossils 
found  in  each  particular  bed  and  seam  of  rock  seen  at  different  local- 
ities, than  would  otherwise  have  been  done.  To  all  geologists  familiar 
with  our  western  Coal-Measures  and  their  characteristic  organic  remains, 
it  may  also  seem  superfluous  to  bring  forward  arguments  to  prove  that 
no  part  of  the  rocks  under  consideration  can  either  belong  to  the  Lower 
Carboniferous,  or  to  the  Permian.  My  apology  for  discussing  at  length 
a  question  already  so  clear  to  all  in  this  country  acquainted  with  the 
subject,  is  the  fact  that  an  eminent  foreign  geologist  (Professor  Geinitz, 
of  Dresden)  for  whom  I  have  great  respect,  from  an  examination  of  an 
incomplete  series  of  specimens  from  these  rocks  (and  doubtless  partly 
from  not  being  acquainted  with  the  range  of  species  and  genera  in  the 
Carboniferous  system  of  this  country)  has  referred  the  outcrops  here 
described  along  the  Missouri  in  part  to  the  Lower  Carboniferous,  and  in 
part  to  the  Permian.  As  his  views  on  these  points  have  probably  been 
accepted,  at  least  by  some  geologists  in  the  Old  World,  it  has  been 
thought  desirable  to  place  before  the  reader  all  the  facts  now  known 
that  have  a  bearing  on  the  questions  at  issue. 

In  order,  therefore,  to  afford  a  fixed  standard  of  comparison  betw'een 
the  organic  remains  of  the  i^Tebraska  deposits  under  consideration,  and 
those  of  well-established  horizons  in  the  Coal-Measures  of  Iowa,  Missouri, 
Illinois,  Kentucky,  &c,,  I  have  considered  it  proper  to  give  figures  and 
descriptions  of  as  many  of  the  species  of  these  Nebraska  fossils  as 
possible.  With  this  view,  eleven  plates  of  closely  arranged  figures  have 
been  prepared,  illustrating  a  few  more  than  one  hundred  species,  belong- 
ing to  the  several  groups,  Foraminifera^  Corals,  Polyzoa,  Brachiapoda, 
Lafnellibranchiaiaj  Trilobites,  &c.,  together  with  a  few  fishes,  all  of  which 
are  more  or  less  fully  described  in  the  following  text.* 

Although  most  of  the  species  are  known  to  range  through  the  entire 
series,  the  figures  of  those  from  the  several  outcrops  that  have  been 
referred  by  others  to  widely  different  horizons  are  arranged  on  different 
plates,  in  order  to  illustrate,  as  far  as  it  can  be  conveniently  done,  the 
vertical  range  of  the  various  types.  To  do  this  completely,  however, 
would  require  the  repetition  of  most  of  the  figures  on  e^ich  of  the  plates 
from  specimens  obtained  at  Bellevue,  Plattsmouth,  Bock  Bluff,  and  Ne- 
braska City.  But  as  the  Omaha,  Bellevue,  Plattsmouth  and  Bock  Bluff 
outcrops  so  obviously  all  belong  to  one  unbroken  series  of  Upper  Coal- 
Measures,!  and  are  even  all  acknowledged  by  Professor  Geinitz,.  after  a 
study  of  their  organic  remains,  to  be  Carboniferous,  the  figures  of  their 
fossils  given  are  here  arranged  together  on  Plates  1,  2,  and  3 ;  though 

the  particular  locality  and  position  of  each  is  mentioned  in  the  text  in 

■ 

*  These  fishes  have  been  described  in  a  separate  section  by  Professor  O.  St.  John,  of 
.the  Iowa  and  Illinois  geological  surveys,  who  has  devoted  several  years  to  the  study 
of  that  branch  of  paleontology  with  Professor  Agassiz,  at  Cambridge. 

t  It  may  be  proper  to  explain  here,  that  by  the  use  of  the  terms  Upper,  Middle,  and 
Lower  Coal-Measnres,  we  simply  mean  the  upper,  middle,  and  lower  parts  of  the  true 
Coal-Measures,  and  not  any  divisions  that  are  separated  by  constant  paleontological  or 
physical  breaks  in  the  series.  We  have  no  Coal-Measures  below  the  horizon  of  the 
Mountain  limestone  of  the  Mississippi  Valley,  such  as  are  sometimes;  in  other  countries, 
ea22ed  Lower  CoaJ-MeaBuree. 
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connection  with  the  descriptions,  and  further  illustrated  in  the  accom- 
panying sections.  For  convenience,  this  division  of  the  series  might  be 
provisionally  designated  as  the  Platte  division,  from  its  development  in 
the  vicinity  of  the  mouth  of  Platte  Eiver,  where  the  various  outcrops 
seem  to  exhibit  altogether  a  thickness  of  between  two  and  three  hun- 
dred feet.  It  should  be  borne  in  mind,  however,  that  there  is  no  paleon- 
tological  or  constant  lithological  break  between  these  beds  and  beds 
A  and  B,  at  Nebraska  City,  Wyoming,  &c. ;  w  hile  bed  B  is  closely  related 
by  most  of  its  organic  remains  with  the  bed  C  above,  at  the  first-men- 
tioned localitv. 

The  fossils  figured  on  Plate  IV,  with  the  exception  of  a  few  noted  in 
the  explanations  as  being  from  outcrops  on  the  Missouri  below  Nebraska 
City,  at  Brownville,  Aspinwall  and  llulo,  believed  to  hold  entirely,  or 
in  part,  a  position  above  the  horizon  of  division  C  at  Nebraska  City, 
were  all  found  (at  various  depths)  in  a  shaft  sunk  nearly  one  hundred 
feet,  on  Hon.  J.  Sterling  Morton's  place,  one  mile  and  three-quarters 
west  of  the  Nebraska  City  landing,  commencing  at  an  elevation  of  73 
feet  above  low-water  mark  of  the  Missouri.  In  regard  to  the  exact  rela- 
tions of  the  beds  penetrated  by  thiis  shaft,  to  the  outcrop  at  the  Nebraska 
City  landing,  there  is  some  room  for  doubts.  If  Professor  Marcou  was 
right  in  referring  the  beds  exposed  at  Mr.  Morton's  place,  at  the  top  of 
the  shaft,  to  the  lower  part  of  the  section  seen  at  the  landing,  then  the 
beds  passed  through  by  the  shaft  must  hold  a  position  immediately 
below  the  base  of  the  section  at  the  landing,  and  between  the  latter 
and  the  horizon  of  Rock  Bluff  section ;  but  if  the  outcrop  at  the  top  of 
shaft  really  holds  a  higher  stratigraphical  position  than  any  part  of  the 
section  at  the  landing,  as  there  are  some  reasons  (to  be  mentioned  in 
another  place)  for  believing,  then  the  fossils  figured  on  Plate  IV,  as 
the  species  would  indicate,  may  belong  in  part  to  the  horizon  of  division 
€,  and  in  part  to  division  B,  of  the  section  at  the  landing.  This  ques- 
tion, however,  being  involved  in  some  doubt,  it  has  been  thought  the 
better  plan  to  figure  the  species  from  the  shaft  on  a  plate  by  themselves, 
distinct  from  those  obtained  at  the  Nebraska  City  outcrop ;  and  this 
plate  is  placed  provisionally  between  those  containing  the  forms  from 
bed  B,  and  the  plates  including  the  fossils  from  the  still  lower  Platte 
division. 

The  species  found  in  division  B,  at  Nebraska  City,  Bennett's  Mill,  and 
Wyoming,  are  arranged  together  on  Plates  V  and  VI ;  while  all  the 
known  forms  from  bed  C  are  arranged  on  Plates  VII,  VIII,  IX,  X, 
and  XI.  As  wo  did  not  succeed  in  finding  good  specimens  of  all  the 
numerous  species  known  to  occur  in  division  C  at  Nebraska  City,  and 
it  seemed  highly  desirable  that  they  should  all  be  here  fully  illustrated 
together,  a  few  of  Professor  Geinitz's  figures  of  species  from  this  hori- 
zon have  been  copied,  and  in  each  instance  duly  acknowledged  in  the 
accompanying  explanations. 

Of  all  the  species  figured  and  described,  comparatively  few  are  en- 
tirely new  to  science,  though  many  of  them  have  not  before  been  illus- 
trated by  figures ;  while  the  excellent  illustrations  of  many  of  the  others 
published  by  Professor  Geinitz,  in  his  recently  issued  work  on  the  fos- 
sils of  these  rocks  (Carbonformation  und  Dyas  in  Nebraska,  1866),  are 
accessible  to  comparatively  few  in  this  country. 

As  Professor  Geinitz  has  referred  a  number  of  these  Nebraska  fossils 
to  European  species,  from  which  they  seem  to  me  to  be  entirely  distinct, 
figures  of  the  European  species  to  which  he  referred  them  are  also  given 
on  the  same  plates,  for  comparison.  These  have  been  copied  \^\tti  gt^.'aXj 
care,  from  the  most  reliable  figures  accessible,  and  iu  moEl  i^sa;^^^  &o\a. 
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those  originally  published  by  the  anthors  of  the  species,  in  order  to  give 
the  student  the  means  of  forming  his  own  conclusions  in  reganl  to  the 
relations  of  the  Amencan  forms  to  the  foreign  species. 

Having  enjoyed  an  opportunity,  during  the  spring  of  18C7,  in  con- 
nection with  the  Nebraska  geological  survey,  to  examine  personally,  not 
only  in  Nebraska,  but  through  rather  wide  areas  in  Iowa,  and  portions 
of  Kansas,  numerous  natural  sections,  quarries,  shafts,  drifts,  borings, 
&c.,  in  the  rocks  from  which  the  fossils  described  in  this  report  were 
collected,  some  of  the  facts  observed  may  be  appropriately  stated  here, 
before  entering  upon  the  paleontological  descriptions. 

Although  thin  beds  of  these  Upper  Coal-Measure  limestones  are  known 
to  exist  under  the  bases  of  the  hills  bounding  the  Missouri  Valley,  a 
little  above  the  surface  of  the  river,  for  eight  or  ten  miles  above  Omaha 
City,  the  quarry  just  below  that  place  was  the  highest  northern  point 
at  which  these  rocks  were  examined  during  the  late  survey.  The  base 
of  these  quarries  is  almost  on  a  level  with  high-water  mark  of  the  Mis- 
souri, and  the  whole  thickness  exposed  is  only  about  eight  feet,  consist- 
ing of  hard  grayish  and  bluish  gray,  rather  impure  limestones,  in  four 
to  ten  inch  layers,  with  more  or  less  flinty  concretions,  and  arenaceous 
clay  partings,  all  showing  a  slight  local  east  or  northeast  dip.  The  fos- 
silsfound  in  these  layers  were  Fusulina  cylindricaj  Scaphwcrintis  (f)  liemis- 
phwricu^,  Archwocidaris  tri^erratm,  Productus  costatusy  P.  semiretiailatuSj 
P,  longispinus,  P.  Prattenianus^  Spiri/erina  Kenttwkensis,  Athyris  sub- 
tilitaj  Spirifer  cameratus,  and  teeth  of  Peripristis  sermicircularu,* 

We  were  informed  by  one  of  the  workmen  at  the  quarry  that  a  thin 
bed  of  black  shale  occurs  beneath  the  limestone  of  the  quarry,  but  it 
was  not  exposed  at  any  place  examined.  The  limestone  is  said  to  make 
good  lime,  and  is  well  adapted  to  most  kinds  of  masonry,  while  in  hard- 
ness and  strength,  and  the  thickness  of  the  layers,  it  is  found  to  be  an 
excellent  material  for  door  and  window  caps  and  sills.  Unfortunately, 
however,  the  heavy  deposits  of  Drift  and  Loess  overlying  these  rocks, 
add  materially  to  the  expense  of  working  the  quarries.  The  superin- 
cumbent Drift  is  at  some  places  from  10  to  40  feet  in  thickness,  rest- 
ing directly  upon  the  hard,  upper  layer  of  limestone.  It  consists  of 
arenaceous  clays  and  sand,  with  at  places  oblique  planes  of  deposition, 
and  contains  some  pebbles  and  a  few  boulders.  Above  the  Drift  the 
Loess  rises  back  with  the  slope  from  a  few  feet  to  perhaps  150  feet. 

As  noticed  by  Professor  Egleston  in  his  report  of  geological  examina- 
tions made  along  the  flrst  hundred  miles  of  the  Pacific  Railroad,  as  well 
as  by  Dr.  White,  in  a  paper  published  in  the  American  Journal  of  Sci- 
ence, the  upper  bed  of  limestone  at  the  above-mentioned  quarries  shows 
very  distinct  glacial  scratches.  The  upper  layer  was  not  sufficiently 
uncovered  at  the  time  of  my  visit  to  show  very  clearly  the  direction  of 
the  strije,  but  Professor  Egleston  mentions  seeing  them  at  some  ])laces 
with  a  direction  south  8^  east.  Dr.  White  also  saw  them  at  other  places 
ranging  south  41^  west  by  the  magnetic  needle,  the  variation  of  the 
compass  being  here  about  11^  east  of  north.  From  all  the  facts  ob- 
served in  this  region,  it  is  quite  probable  that  a  considerable  thickness 
of  Upper  Coal-Measure  strata,  consisting  of  some  beds  of  hard  limestone, 
has  been  here  ground  off  and  swept  away  by  ghicial  agencies,  leaving 
the  upper  surface  of  the  remaining  limestones  planed  off,  and  some- 
times beautifully  striated  or  even  polished. 

As  an  indication  of  the  nature  of  the  rocks  below  the  horizon  of  the 


•  The  only  tooth  of  this  fish  found  at  this  locality  was  discovered  by  Dr.  \Vhit<^,  the 
StMte  ffeologiat  of  Iowa,  who  accompanied  the  writer  whUe  examiuiug  these  quarries. 
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quany  at  Omaha  City,  the  following  statement  of  the  beds  perforated 
in  a  boring  made  at  that  place  to  a  depth  of  four  hundred  feet,  by  the 
Union  Pacific  Railroad  Company,  is  added : 

Statement  of  a  boring  made  in  the  Missouri  Valley  at  Omaha  City,  by  tlie 
Umon  Padjie  Railroad  Company ,  starting  22  feet  above  low-water  mark 
of  the  Missouri.^ 


No. 

Nature  of  strata  penetrated. 

Depth* 

1 

Black  Boil  raUnvial) 

Feet. 
20 

2 

Sand  and  lime  rock.    [DonbtleAS  the  rock  qoarried  below  the  city] 

10 

3 

Slate  mixed  with  coal.    [The  black  shale  under  the  quarry  rock] 

5 

4 

Fire-clay  - - 

8 

5 

• 

Lime>rock 

16 

6 

Fire-clav  ..^... 

3 

t 

7 

Shale  and  lime  rock 

5 

8 

GrOOn-KMindV  Slftt^  .  ,  r  ,   T  -  .  ,  .  .    .       ,.t^--.«      r ^.-.--r.r . - 

7 

9 

• 

Sand-rock  with  soft  seams 

11 

*      *  * 

10 

Lime-rock 

29 

11 

Macmesian  TTl  limestone 

5 

12 

Coal  slate.    FBitimiinous shalel 

6 

13 

Sand  and  lime  rock 

10 

14 

Slate 

4 

15 

Lime-rock  with  soft  seams ........'. 

17 

\6 

Red  alato  with  hard  lavers.    FRed  shale  and  indurated clavsl  ...... .... 

31 

17 

Sand-rock 

4 

18 

Lime-rock 

3 

19 

Bine  slate 

40 

20 

Lime-rock  ............. .... .... .... .... ...... .... .... .... .... ..... . .. 

24 

21 

Soap-stone  ^vith  hard  layers  lime-rock  15  inches  thick.    [Alternations 

28 

2S! 

Donl  slate,     f Bituminous  shale!  .. .... .... ...... .... .... .... .... ...... 

7 

23 

4 

24 


Lime-rock , 


35 


*I  oni  tinder  obligations  to  General  Dodce.  the  chief  enrineer  of  the  Union  PrtClfto  l^iXToajQi^  lot  Wift 
foregoing  memorauauin  of  tho  hoda  pasaed through  by  thia  boring. 
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No. 

Nature  of  strata  x>eDetrated. 

Depth. 

25 

SoaT>*8tone.     rindurated  clavl -. ..-. 

FeH, 
5 

20 

Lime  and  sand  rock  with  seams  of  flint 

8 

27 

Black  slate 

3 

28 

Grav  soan-stone.     F  Indurated  cla v1 

13 

29 

Yellow  soap-stone.    [  Indurated  clav  1 

20 

30 

Lime-rock ... . 

2 

31 

16 

Total 

401 

• 

In  this  section  tbe  names  by  which  the  several  beds  were  designated 
by  the  parties  who  kept  the  memorandum  of  the  same,  are  in  all  cases 
retained,  as  I  had  no  opportunity  to  examine  the  borings.  I  have,  how- 
ever, added  in  brackets  a  few  suggestions,  as  it  is  evident  some  of  them, 
such  for  instance  as  "  soap-stone," ''  gray  soai)-stone,"  "  yellow  soap  stone," 
&€.,  are  not  applied  as  generally  understood  in  geology.  It  is  also  quite 
probable  that  there  may  be  some  errors  in  the  details  of  the  different 
seams  and  beds  passed  through,  as  it  would  be  very  difficult  for  any  person 
not  versed  in  lithology  to  be  always  strictly  right  in  regard  to  the  true 
nature  and  composition  of  rocks  perforated  in  this  way,  by  merely  ex- 
amining the  borings  brought  up  by  the  auger.  The  nature  of  the  rock 
penetrated  by  the  lowest  13  leet  was  not  giv^en  in  the  section  copied, 
and  I  failed  to  get  any  information  in  regard  to  it. 

As  we  know  nothing  respecting  the  organic  remains  contained  in 
these  rocks,  of  course  we  cannot  positively  demonstrate  that  they  belong 
to  the  same  general  series  of  Upper  Coal-INIeasures  as  the  beds  exposed  at 
the  quarry  just  below  the  city,  but  it  must  be  evident  enough  to  any  one 
familiar  with  the  lithological  characters  of  our  western  Carboniferous 
rocks,  that  they  certainly  correspond  to  no  part  of  that  system  holding  a 
position  below  the  horizon  of  the  Millstone  grit,  while  they  do  agiee 
quite  Avell,  in  their  general  features,  with  portions  of  the  Upper  Coal- 
Measures  of  Iowa,  Kansas,  and  ^Nebraska,  as  well  as  of  Northern  Mis- 
souri. 

The  most  important  fact  revealed  by  this  boring  is  that  no  workable 
beds  of  coal  exist  beneath  the  horizon  of  the  Missouri  Valley  there 
within  400  feet  of  the  surface.  This,  however,  is  not  snri)rising,  as  all 
the  investigations  of  these  rocks  in  Western  Iowa,  Northern  Missouri, 
Kansas  and  Nebraska,  tend  to  the  conclusion,  as  will  be  seen  further  on, 
that  there  is  a  considerable  thickness  of  Upper  Coal- Measure  strata  in 
that  region,  nearly  or  quite  barren  of  workable  beds  of  coal.  As  this  is  a 
question,  however,  in  which  not  only  the  stockholders  of  the  Pacific 
Railroad,  but  the  whole  community  of  this  region  are  interested,  it  is  to 
be  hoped  that  this  boring  will  be  continued  on  deep  enough  to  decide, 
l)ositively  forever,  whether  or  not  deep  mining  here  can  be  expected  to 
supply  in  quantity  a  good  quality  of  fuel. 

The  first  locality  south  of  Omaha  City,  at  which  I  had  an  opportunity 
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to  examine  an  exposure  of  these  Upper  Coal-Measure  strata  satisfac- 
torily, was  at  Bellevue,  10  miles  south  of  Omaha,  where  the  following  suc- 
cession of  beds  was  observed. 

Section  of  beds  eoppoaed  at  Bellevue^  with  an  enumeration  of  the  fossils 

found  in  each. 


No. 

Nature  of  the  beds,  with  the  fofwils  found  in  each. 

Thick- 

uess. 

11 

1 
Heaw  deDosits  of  Lioess.  underlaid  by  Drift ......... ...... ...... ...... 

Ft.  In, 

200    0 

10 

Hard,  dark-frrav  silicions  limestone 

2    0 

9 

Bluish  and  drab  clavs  ...... ..-..- 

6    0 

8 

Hard,  dark  silicious  limestone.    Productuslongispinus  (f ),  P.  Nebraacensia, 
Aviculopecten  occidentaliaj  Myalina  Buhquadrala,  Fuaulina  cylindricaj  Spi- 
rifer  plnnoconvexuSf  Phillipsia  major f  and  Penpriatis  aemidrcularis. 

2    0 

7 

Dark  shale,  with  a  2-inch  seam  of  gooid  coal,  showing  together  about  15 
inches.  Spirifer planoconvexuSy  cf-c.     Unexposed  space,  about  5  feet. 

6    3 

6 

Gray  and  yellowish  argiUo-calcareous  bed,  splitting  into  thin  pieces 
where  exposed. 

2    G 

5 

Liirht  clav  above  and  dark  laminated  shale  below ..... i.. 

2    6 

4 

Lifirht-irray  and  crreeMish  clavs 

2    5 

3 

Soft  yellowish,  slightly  gritty  layer,  passing  intoharder  impure  limestone. 

2    6 

2 

Very  hard  massive  gray  and  bluish-gray  impure  limestone,  with  Fusu- 
Una  and  traces  of  embedded  oolitic  particles.. 

3    0 

1 

Yellowish,  light-gray,  Jind  hard  brittle  whitish  limestones,  with  some 
argillaceous  layers,  all  below  high- water  mark  of  the  Missouri.    Fusit- 
Unacylindricaj  Fistulipora  «p.,  ArchceocidariSy  Erisocrniua  typus,  Feneatella 

brasceimaj  P,  symmetricuSj  P.  costatuSy  P,  aemireticul^tusy  P.  lon^ispinua  (f ) 
P.  PraitemamtSy  Rhynchonella  OsagensiSy  Athyria  auhtiUtay  Spirlfer  Uneatus, 
{=3,  perplexuSy  McC.y)  Sp.  earner atuSy  Spiriferina  KentuckensiSf  Tercbra- 
tula  bovidenSy  Myalina   subquadratay  Pleuroiomaria  aphwrulaUiy  Macro- 
cheilus  inhabiliSj  Allorisma  subcuricatay  &o. 

18    0 

Total  thickness  of  Carboniferous  beds 

47  + 

At  the  time  of  our  visit  to  this  locality  the  Missouri  was  so  high  as  to 
cover  all  of  the  lowest  member  of  the  section,  but  in  1853  Dr.  Hayden 
and  I  had  a  fine  opportunity  to  examine  it  when  the  water  was  low, 
while  waiting  there  for  a  steamboat,  on  our  return  from  an  expedition 
to  the  Bad-lands.  These  lower  beds  were  at  that  time  best  exposed* 
directly  above  the  old  landing.  The  beds  above  No.  1  of  the  section  are  * 
seen  at  various  places  along  the  shore  and  base  of  the  hill  for  about  a 
quarter  of  a  mile  above  the  landing. 

The  whitish,  hard,  brittle  layers  of  the  lower  member  of  the  above 
section,  make  beautiful  white  lime,  while  some  of  the  other  beds  afford 
good  building-stones.  Excavations  have  been  made  at  places  under  the 
bed  No.  8  in  search  of  coal,  in  the  dark  shale  No.  7,  in  whicli  ttiet^  \&  ^ 
thin  seam  of  coal  from  one  to  two  inches  in  thickness,    TMa  e,ovj\\&  oS. 
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good  quality,  but  is  of  course  useless,  in  consequence  of  the  thinness  of 
the  seam.  At  another  place  a  little  farther  up  the  river,  an  excavation 
or  short  drift  was  made  in  search  of  coal,  under  No.  10  of  the  foregoing 
section,  in  the  clays  No.  9,  but  no  indications  of  coal  were  observed, 
though  a  very  fine  spring  of  clear,  cool  water  was  developed. 

It  is  worthy  of  note  in  this  connection  that  the  rocks  forming  the 
foregoing  section,  as  well  as  those  mentioned  at  Omaha,  were  referred 
by  Professor  Marcou  (see  Bull.  Geol.  Soc.  France,  2d  ser.,  vol.  xxi,  p. 
132)  to  the  Mountain  limestone  series.  Any  one,  however,  having  the 
slightest  knowledge  of  the  fossils  of  our  Carboniferous  series  will  at 
once  see  from  those  mentioned  in  the  section,  as  well  as  from  those 
found  at  Omaha,  that  these  beds  belong  to  the  true  Coal-Measures. 
Some  of  the  species,  it  is  true — such  as  Productus  seniireticulatuSy  P. 
costattM,  P,  punctatus^  Heniipronites  crassus^  &c.* — are  known  to  be  com- 
mon to  our  Coal-Measures  and  the  Lower  Carboniferous  rocks,  butall  the 
others  mentioned  are  peculiar  to  the  Coal-Measures,  not  one  of  them,  so 
far  as  known  to  the  writer,  having  ever  been  found  in  the  West  below 
the  horizon  of  the  Millstone  grit.  It  will  also  be  observed  further  on, 
that  all  of  these  same  species,  with  perhaps  some  two  or  three  excep- 
tions, occur  together,  along  with  other  Coal-Measure  forms,  in  the  very 
beds  referred  by  Profeseor  Marcou  to  the  Permian  or  Dyas  south  of  the 
Platte,  and  the  few  exceptions  alluded  to,  such  as  Macrocheilus  inhabiliSj 
and  Pleurotomaria  sphcerulata^  are  well  known  Coal-Measure  forms. 

On  the  north  side  of  Platte  Eiver  outcrops  of  Upper  Coal  Measure 
rocks,  that  had  been  previously  noticed  by  Dr.  Hayden  and  Professor 
Egleston,  were  examined  at  several  places  along  the  bluffs  from  three 
to  four  miles  up  from  the  mouth  of  that  stream.*  The  particular  local- 
ities examined  are  about  five  miles  in  a  southwest  direction  from  the 
exposures  mentioned  at  Bellevue.  These  beds  are  said  to  rise  consid- 
erably higher  somewhat  farther  up  the  Platte  than  at  the  localities 
here  alluded  to,  where  the  northeastward  dip  of  a  few  degrees  brings 
them  lower.  The  exposures  examined  present  the  following  succession 
of  beds: 

Section  of  the  beds  exposed  on  the  north  side  of  Platte  River y  between  three 
and  four  miles  from  its  mouthy  with  an  enumeration  of  the  fossils  found 
in  each  bed. 


No. 

Composition  of  the  beds. 

Thick- 
ness. 

12 

Drift  and  Loess 

Ft,  In. 
150    0 

11 

Hard,  massiyo,  light-grayish  limestone,  composed  mainly  of  oolitic  parti- 
cles, and  Fusulina  embedded  in  a  compact  calcareous  base.    Syringopora 
multattenuata,  Producitis  costatm,  P,  ^ebrascensUj  Myalina  aubquadrata. 

3    0 

10 

Lificht-crayish  clay 

6    0 

•Professor  Marcou  also  mentions  among  his  collections  from  these  rocks,  ProductuB 
pustulosus,  P,  8cabricuhi8f  Athyris  plano-sulcata  and  A,  Ii4)yis8iij  bnt  the  first  two  are 
almost  beyond  doubt,  only  P.  aymmetriniSy  and  P.  NebraacensiSy  as  they  appear  in  the  condi- 
tion of  casts,  when  broken  from  hard  limestone.  At  any  rate,  Professor  Geinitz  identi- 
fies them  also  in  the  so-called  Dyas  at  Plattsmonth.  The  A.  plano-snlcata  is  the  same 
Coal-Measure  form  described  by  McChesney  under  the  name  A.  orbicnlarisy  and  the 
other  sp.  (A.  RoyiasU)  was  not  identified  by  Professor  Geinitz  among  tho  BeUevoe 
OoUections. 
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No. 

Composition  of  the  beds. 

Thick- 
ness. 

9 

Hard,  yellowish  limestone,  with  some  flinty  concretions,  and  toward  the 
upper  part,  soft  decomposing  isolated  masses,  from  a  few  inches  to  1 
or  2  feet  in  diameter.    Froductua  Prattcnianus,  Aihyrus  mpHUtaj  &c. 

Ft.  In. 
2    G 

8 

Whitish,  hard,  brittle  limestone,  in  layers  5  to  8  inches  thick,  with  light- 
colored  clay  partings.    Ftisulina  cylindrica,  Axophyllum  sp.y  Scaphiacri- 
nuB(f)hemi8phancu8f  Ardiceocidaris  triserraius^  Synocladia  hUerialis,  Pro- 
ductus  longispinuSy  P.  coaiatus,  P.  XebrascenaiSy  Chonetca  Vemeuilianay  Spiri- 
fer  cameratua,  Spiriferina  Kentuckenaiay  Aihyria  auhtilita,  &c. 

6    0 

7 

Light  drab  or  grayish  indninted  marly  clay.    Rhombopora  lepidodendro- 
tdes,  ArcphyUim  «p.,  Fusulina  eyUndrioay  Scaphiocrinua  (f)  Jiemiapharicuay 
Lophophyllum    proliferumj  Synocladia    biaerialiay  Hemiproniiea    craaaua, 
Orthis  carbonariaj  Chonetea  granulifera,  C,  l^neuilianaj  Productua  aemi- 
reticulaiua,  P.  costatua,  P.  longiapinuay  P.  punctatua,  Rhynchonella  Oaagen- 
*w,  Spir\fer  oamei'atua,  S.  Hneatuay  Spiriferina  Kentuckenaiay  Athyria  aubtir- 
Ufa,  Terebratula  bovidenay  Chcmomya^  Myalina  aubquadratay  &c. 

4    0 

6 

a.  Hard. dark-crrav  comnact  limestone 8  inches . .  '\ 

&.  Ligh  t-grav  indurated  marlite 24     do 

c.  Black  shale -*-...     4     do > 

4    8 

d.  Light-gray  indnrate<l  marlite 14     do 

c  Hard,  dark  impure  limestone j 6     do ^ 

5 

4 

Lifrht-crravish.  slichtlv  crittv,  soft  marlite - 

2    G 

Bluish  indurated  crumbling  clay  or  marlite,  stained  reddish  purple 

• 

3    0 

3 

Bluish  ash-colored  (sometimes  stained  purple  above)  soft  argillo-calca- 
reous  rock,  becoming  harder  and  in  thicker  layers  below,  with  partings 
and  irregular  layers  of  soft  yellowish  marly  clay,  containing  numerous 
Chonetea  granulifera^  Rhombopora  sp.y  Synocladia  biacrialiay  Productua  aym- 
metricua^  P,   I^ebraacenaiay  Hemiproniiea  craaauSy  Athyria  aubtiliiay  Spin- 
ferina  KentuckensWy  Fuaulinay  &c. 

7    6 

2 

1 
Black  laminated  shale ..... ....... 

c 

1 

Very  hard,  bluish,  comnact  aririllaceons  limestone 

1    0 

Thickness  of  Carboniferous  beds 

40    8 

The  base  of  this  section  was  estimated  to  be  abont  20  feet  above  the 
Talley  of  Platte  River,  and  about  23  feet  above  high-water  mark  of  the 
Missonri.  Ail  the  beds  show  a  dip  of  2°  or  3^,  iu  a  direction  to  the 
east  of  north.  They  were  observed  to  rise  quite  perceptibly  in  tracing 
the  outcrops  a  little  south  of  westward,  up  the  Platte ;  though  there  is 
probably  a  reverse  of  dip  farther  up. 

In  these  rocks,  here  as  elsewhere,  the  different  subordinate  beds  are 
sometimes  liable  to  change  materially  their  lithological  characters  and 
thickness  within  comparatively  short  distances,  as  can  be  occasionally 
clearly  seen  in  following  an  uninterrupted  outcrop  a  mile  or  so.  For 
instance,  the  bed  of  clay,  No.  10  of  the  above  section,  which  is  6  feet  in 
thickness  at  the  particular  place  where  the  upper  beds  of  this  section 
were  observed  best  developed,  is  reduced  to  a  mere  seam  of  an  inch  or 
two  in  thickness,  or  in  places  entirely  wanting,  so  as  to  cause  the  bed  11 
to  rest  directly  down  upon  No.  9,  at  other  localities  within  less  than  a 
mile  further  eastward. 
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It  will  be  observed  that  nearly  all  of  the  fossils  mentioned  in  the  Belle- 
vue  section  also  occur  here,  along  with  a  number  of  other  wellkupwu 
Coal-Measure  species.  It  is  also  evident  that  the  lower  member  of*  the 
Bellevue  section  is  represented  by  Nos.  8  and  9  of  this  section,  and  No. 
2  of  the  former  by  No.  11  of  the  latter,  the  clays  No.  10  of  this  section 
not  bein^  represented  at  Belle\nie.  This  elevation  of  the  lowest  member 
of  the  Bellevue  section  (which,  at  the  time  of  my  visit  during  this  sur- 
vey, was  entirely  below  the  level  of  high- water  mark  of  the  Missouri)  to 
something  more  than  40  feet  above  the  same  horizon,  on  the  Platte,  iun 
distance  of  about  five  miles,  is  a  tolerably  accurate  indication  of  the 
northeastward  inclination  of  the  strata  here,  though  farther  south  the 
inclination  seems  to  be  to  the  south  of  east. 

The  upper  limestone,  No.  11,  of  the  section  last  mentioned,  makes 
good  lime,  and  is  much  quarried  and  used  in  that  way,  as  well  as  for 
building  purix)ses,  for  which  it  is  admirably  adapted.  Its  compact,  ho- 
mogeneous structure,  comparative  hardness  (for  a  linlestone)  and  uni 
form  plejising  gray  tint,  are  qualities  that  render  it  a  desirable  material 
even  for  much  of  the  better  kiuds  of  masonry.  At  present  it  is  much 
quarried  for  caps  and  sills,  particularly  at  Mr.  John  B.  Ducols's  place. 
In  looking  upon  the  rather  rough,  uneven-fractured  surface  of  this  rock, 
without  the  aid  of  a  magnifier,  no  one  would  suspect  its  true  nature  aud 
composition.  On  examining  a  polished  or  moistened  surfjice,  however, 
under  a  lens,  it  is  seen  to  be  composed  of  millions  of  Fmulitia  and  oolitic 
particles,  embedded  in  a  clear  calcareous  base.  These  little  bodies  are 
so  numerous  that  they  seem  to  be  everywhere  in  contact,  while  they 
are  so  firmly  cemented  together  that  they  never  separate  in  breaking 
the  rock,  but  the  fractured  surface  shows  sections  of  them  in  every  con 
ceivable  direction.  Larger  fossils  are  sometimes,  but  more  rarely,  met 
with  in  it. 

At  Mr.  Ducols's  quany,  mentioned  above,  the  upper  surface  of  this 
stratum  is  everywhere  found,  on  removing  the  loose  overlying  sui)crfi 
cial  deposits,  to  be  perfectly  planed  ofif  by  glacial  agencies,  a«  far  in  as 
the  quarry  has  been  opened  ;  and  it  is  quite  probable  that  comparatively 
large  areas  of  its  upper  surface  have  been  thus  polished  and  striated. 
This  is  a  great  puzzle  to  the  quarrymen  and  others  unacquainted  with 
geology  ;  but  whether  or  not  the  stone-hewers  trouble  themselves  witli 
speculations  in  regard  to  its  cause,  they  wisely  accept  the  work  thus 
ready-done  to  their  hands ;  for,  in  cutting  sills  and  caps  from  the  upper 
part  of  this  stratum,  they  always  find  one  side  already  dressed  more 
truly  and  evenly  than  they  can  possibly  do  it  with  a  chisel.  But  one  set 
of  striiB  was  seen  at  this  locality,  and  these  ranged  (by  compass)  south 
10^  west.  No  striated  or  polished  surfarces  of  this  kind  were  obse^^•ed 
by  me  at  any  locality  south  of  Platte  River ;  but  it  is  said  that  they  have 
been  seen  at  some  quarries  a  short  distance  south  of  the  mouth  of  that 
stream. 

Boulders,  however,  of  several  kiuds  of  granitic  and  metamorphic  rocks, 
particularly  of  a  kind  of  red  quartzite,  showing  the  action  of  glacial 
agencies  here,  were  not  unltequeutly  met  with  in  the  country  between 
Platte  River  and  Nebraska  City,  as  well  as,  occasionally,  south  of  there. 
These  are  generally  not  of  large  size,  though,  at  one  place,  about  three 
miles  from  Nebraska  City,  in  a  direction  somewhat  west  of  north  near 
Bennett's  niill,  a  huge  angular  mass  of  red  quartzite  was  seen  lying 
upon,  or  rather  projecting  above^  the  sloping  surface  of  the  ground; 
for  a  large  portion  of  it  seemed  to  be  embedded.  It  rises  some  10  or  12 
feet  above  the  soil,  and  was  estimated  to  contain  not  less  than  1,000 
cubic  feet,  and  perhaps  much  more.    This  is  evidently  a  metamoq>hosed 
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sandstone,  for  although  now  an  extremely  hard  and  compact  quartzite 
within,  it  shows  on  the  slightly-weathered  surface  indications  of  planes 
of  stratification.  It  presents  no  marks  of  attrition,  but  retains  all  its 
angles  and  other  irregularities  of  surface  with  remarkable  shari>ness, 
showing  that  it  must  have  been  transported  from  its  original  position  on 
floating  ice,  or,  at  any  rate,  by  some  agency  that  did  not  bring  it  in  con- 
tact with  other  rocks.  Small  erratic  (nearly  always  angular)  masses  of 
this  red  quartzite  have  been  noticed  by  Dr.  White,  in  Iowa,  and,  as  he 
has  suggested,  there  is  scarcely  any  reason  to  doubt  that  they  have  all 
been  transported  upon  or  attached  to  masses  of  floating  ice  during  the 
glacial  period,  from  Southern  Minnesotii,  the  nearest  point  to  the  north- 
ward where  rocks  of  that  kind  are  known  to  occur  in  situ. 

South  of  Platte  River,  the  first  exposure  of  the  Upper  Coal-Measure 
rocks  of  much  extent  seen  in  coming  down  the  Missouri,  is  just  below 
the  town  of  Plattsmouth,  where  the  following  succession  of  strata  may 
be  seen: 

Section  of  the  beds  exposed  at  Plattsmouth,  with  the  names  of  the  fossils 

found  in  each. 


No. 


Nature  of  the  strata. 


Slope,  apparently  composed  mainly  of  Loess 
Drift,  exposing  a  thickness  of 


Tbiok- 
ness. 


Ft.. 

[n. 

80 

0 

10 

0 

8 


Hard,  yeUowish  and  light-fjrayisb  limestone,  in  heavy  beds  and  thinner 
layers,  with  two  intercalate*!  seams,  8  to  12  inches  in  thickness,  of 
asu-coiored  marly  clay,  containing  millions  of  Fusulina  cylindrica  ;  also 
Betzia  pu.nctul\fera^  Athyris  Huhtiliiaj  Aviculopecten  occidentalism  Entolium 
aviculatu8,  MycUina  suhquadrata,  Macrodon  tenuistriatjy  Allorisma  subcu- 
neata,  Pinrui  peracuiaj  FkillipHa  major,  &c. 


Hard,  light-payish  limestones,  in  thinner  layers  than  the  beds  above, 
imd  containing  some  tiinty  concretions. 


Ash-colored  clay, 


Black  laminated  shale 


Red  clay 


Yellowish  incoherent  sand 


Layers  li^ht-colored  and  yellowish,  more  or  less  pure  limestone,  10  to  12 
inches  in  thickness,  with  light-colored  and  greenish  marly  clay  part- 
ings ;  the  whole  passing  down  into  light  grayish  and  whitish  marly 
clays,  with  many  thin  seams  of  limest^me  aiid  numerous  fossils.  Dtsu- 
Una  cylindrica,  Bhombopora  lepidodendroides,  Lophophyllum,  Synocladia  bise- 
rialia,  Folypora  submargitiata,  Fenesiella,  Zeacrinus  mucroffjyinus,  Eupachy- 
crinus  vemuxmis,  Hemipronites  crassus,  Choreics  granulifvra,  C.  Verneuili- 
ana,  Productus  0O8tatu8j  P.  scmircticulatuSy  F.  XebrascenaiSy  F.  longispxnusj 
P.  punclatuSy  F.  PrattenianuSy  Spirifer  planoconrexnsy  Sp.  linmtusy  JSynlri- 
Uuma  hemiplicata,  Meekella  striato-costata,  Sp.  canieratus,  Spiri/erina  Kcn- 
tuckensiSy  Athyris  aubiilitay  Rhynchonclla  Osagensui,  Ileizia  punctaliftray 
Terebratula  bovidtns,  AviaiJopecten  accidentalis,  BcUeraphon  carltonana, 
Euomphalua  rugorus,  Nautilua  ponderoeua,  &c. 


Green  and  reddish-brown  clays;  the  former  occupying  the  upper  ten 
inches,  and  the  remainder  below  being  mainly  brownish-red,  but  in 
places  mottled  with  green. 


12    0 


9 

0 

3 

0 

1 

6 

6 

4 

0 

10    6 


10  10 


Toti)  of  Carboniferoaa , 


4^  -V- 
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At  the  time  we  visited  this  locality,  the  Missouri  was  at  nearly  high- 
water  mark,  covering  all  below  the  base  of  the  section  given  above. 
Professor  Marcou,  however,  visited  it  when  the  river  wa^^  lower,  so  that 
he  saw  below  No.  1  about  15  feet  of  blue  shalj^  cljvy^  with,  near  its 
upper  part,  thin  layers  of  ferruginous  limestone ;  the  whole  being  with- 
out fossils. 

I  found  it  convenient  to  group  the  beds  above  somewhat  diflferently 
from  the  section  given  by  Professor  Marcou,  and  it  will  also  be  observed 
that  there  is  a  4-foot  bed  of  soft  sandstone,  and  G  inches  of  black  lam- 
inated shale  in  the  above  section,  not  mentioned  by  him.  It  is  not  sur- 
prising, however,  that  these  should  have  escaped  his  attenticm,  because 
all  the  beds  are  so  liable  to  slide  and  become  so  mingled  and  obscured 
from  the  undermining  of  the  softer  material  below,  that  it  is  very  diffi- 
cult to  make  out  the  exact  details  of  the  section.  Our  opportunities, 
however,  to  make  out  the  structure  of  the  outerop  above  high-water 
mark,  were  better  than  his,  because  several  drifts  and  other  excavations 
had  a  sliort  time  previously  been  made  into  the  cliff  here,  by  parties 
prospecting  for  coal,  by  which  means  much  of  the  loose  debrh  had  been 
removed,  so  as  to  show  more  clearly  the  nature  and  aiTangement  of  por- 
tions of  the  section. 

To  any  one  having  even  a  limited  knowledge  of  the  general  principles 
of  paleontology,  or  of  the  characteristic  fossils  of  our  western  Coal-Meas- 
ures, it  must  always  remain  an  inscrutable  mystery,  why  Professor  Mar- 
cou, after  visiting  this  locality,  and  collecting  most  of  the  fossils  found 
in  these  beds,  should  have  pronounced  them  the  remains  of  an  emi- 
nently New  Red  fauna,  allied  to  the  Carboniferous,  and  referred  the 
rocks  to  the  Lower  Permian.  This  is  all  the  more  surprising,  when  it  is 
borne  in  mind  that  every  species,  with  possibly  two  or  three  exceptions, 
yet  known  from  the  rocks  above  the  mouth  of  Platte  River  referred  by 
him  to  the  Mountain  limestone,  occurs  here  at  Plattsmouth,  while  even 
these  exceptions  are  well-known  Coal-Measure  species.  In  addition  to 
this,  by  turning  to  the  section  given  on  page  90,  of  the  beds  exposed 
three  or  four  miles  up  Platte  River,  on  the  north  side,  it  will  be  seen 
that  with  a  few  exceptions  the  same  group  of  fossils  found  in  these  so- 
called  Lower  Dyassic  rocks  at  Plattsmouth,  occur  there  beneath  the  same 
beds  called  mountain  limestone  at  Bellevue.* 

But  even  Professor  Geinitz,  who  was,  from  his  personal  relations  with 
Professor  Marcou,  naturally  inclined  to  favor  his  conclusions  as  much 
as  he  could,  soon  discovered,  on  examining  the  collections  from  Platts- 
mouth, that  the  so-called  Lower  Dyas  at  that  locality  was  hopeless,  be- 
cause, out  of  the  thirty -three  species  of  fossils  composing  this  so-called 
''  eminently  New  Red  fauna,"  he  found  thirty  to  be  Carboniferous  forms; 
and  if  he  had  been  well  acquainted  with  the  fossils  of  our  Coal-Measures, 
he  would  have  undoubtedly  added  the  other  three  species,  a«  he  might 
have  done  several  others  not  included  in  the  collections  submitted  to 
him.  Indeed,  so  far  from  agreeing  with  Professor  Marcou,  in  viewing 
these  Plattsmouth  beds  as  Lower  Dyas,  Professor  Geinitz  even  goes  to 
the  opposite  extreme,  and  places  them  iu  the  upper  part  of  the  Lower 
Carboniferous  series ;  though  in  this  he  is  certainly  in  error,  as  I  have 

*  I  can  only  account  for  Professor  Marcou^s  reference  of  this  section  to  the  Dya6,n])ou 
the  supposition  that  the  occurrence  of  a  red  bed  at  its  base  was  thought  by  tiim  to  in- 
dicate that  it  belonged  to  a  widely  more  recent  group  than  the  Bellevue  and  Omaha  Citj 
outcrops ;  especially  as  he  gives  great  weight  to  lithological  characters.  Upon  thii 
kind  of  evidence,  however,  it  will  be  seen  by  turning  to  the  section  of  the  Omaha 
boring,  given  on  page  87,  that  he  would  have  to  carry  the  Dyas  down  so  as  not  only  U 
inclu<le  the  beds  at  Omaha,  referred  by  him  to  the  Mountain  limestone,  but  so  as  to 
include  more  than  100  feet  of  strata  below  them. 
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elsewhere  shown,*  and  as  any  one  who  has  studied  the  Western  Coal- 
Measure  fossils  will  at  once  see  by  examining  the  list  of  species,  as  they 
form  a  group  especially  Characteristic  of  our  Upper  Coal-Measures  of 
the  Western  States  and  TeiTitories. 

With  regard  to  the  exact  stratigraphical  relations  of  the  section  seen 
on  the  north  side  of  Platte  River,  to  that  just  below  the  town  of 
Plattsmouth,  of  course  we  cannot  spe^k  very  positively,  as  the  beds 
eannot  be  traced  into  contact.  Any  one,  however,  who  will  compare 
collections  of  fossils  from  these  two  localities,  must  be  at  once  convinced 
that  the  rocks  belong  to  the  same  series,  and  must  be  closely  related. 
Yet  it  is  quite  evident  that  the  visible  dip  of  the  rocks  seen  along  the 
north  side  of  the  Platte  would  take  them  somewhat  beneath  tlie  Platts* 
month  section,  though  not  far  below  it,  as  the  inclination  of  the  strata 
here  ia  to  the  northeastward,  while  the  Plattsmouth  exposure  is  south 
of  east  from  those  mentioned  on  the  north  side  of  Platte  Eiver. 

At  another  locality  on  the  Missouri,  eight  miles  south  of  Plattsmouth, 
known  as  Bock  Bluff,  just  above  a  village  of  the  same  name,  there  is  to 
be  seen  perhaps  the  finest  exposure  of  these  Upper  Coal-Measure  rocks 
anywhere  to  be  found  in  Nebraska.  The  lower  beds  here  rise  perpen- 
dicularly near  the  base  from  the  river  bank,  and  less  precipitously  above, 
exi)08ing,  with  the  exception  of  t)ue  uncovered  interval  of  about  18 
feet,  about  *120  feet  of  strata.  The  foUowiug  is  a  section  of  the  beds 
seen  here : 

Section  of  Hie  beds  exposed  at  Rock  Bluff,  on  the  Missouri,  with  a  statement 

of  the  fossils  found  in  each. 


No. 


23 


22 


21 


20 


19 


16 


17 


16 


15 


Nature  of  strata. 


Loess  or  bluff  deposit,  with  possibly  toward  the  lower  part  some  Drift.. 


Hard  yellowish  and  grayish  limestones,  in  rather  thick  Liyers,  with  some 
elay  partings.  Fitsulina  cylindrical  Meekella  etriato-costata,  Si/ntrilasma 
kemiplicaiaf  Productut  oostatuSj  P.  eemireticulatuSf  Spiri/cr  lineatuSf  Sp, 
cameratiu,  Athyria  subtiUtOj  &c. 


Ash-colored  clay  1  foot  9  inches  above,  underlaid  by  1  foot  hard  gray 
limestone. 


Soft  ash-colored  or  bluish-gray  clay,  1  foot,  underlaid  by  black  laminated 
clay,  restlDg  upon  1  inch  yellow  do. 


Very  compact  gray  limestone,  with  an  imperfect  conchoidal  fracture  . 


Gray  somewhat  laminated  clay,  4  feet  seen,  with  a  4-foot  space  below 
unexposed. 


Soft  yellowish-gray  sandstone^  becoming  almost  loose  sand  below 


Not  well  exposed,  but  apparently  in  part  occupied  by  the  sandstone 
seen  above,  with  near  the  middle  aud  at  the  base,  some  bluish  clay 


seen. 


Dark-bluish  argiUaceous  limestone.     Avieulopecten  ooddenialiSy  Produo- 
tua  Nibraaoefms,  Ednwndia  gibbosa. 


Thick- 
ness. 

Ft,  In. 
150    0 

24    0 


2    9 


2    1 


1    6 


8    0 


5    0 


18    0 


1    9 


•  See  Am.  Jour.  Sci.  aijd  Arte,  vol,  xliv,  second  set.,  p.  ^^. 
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No. 

Nature  of  strata. 

Thick- 
nesB. 

14 

Blaish  and  ash-colored  clays,  with  near  the  middle  a  3  or  4  inch  band 
of  red. 

Ft.  In. 

8   0 

13 

Uai'd  light-gray  limestone,  with  apparently  oolitic  particles.    AlUmsma. 

1   6 

12 

Bluish,  ash-colored  and  purple  calcareous  clays, with  many  CampophyUum ; 
also  Spirtfer  cameraiua,  Zeacrinus  hemi8ph<Bricii8f  &o. 

2   0 

11 

Hard  light-gray  limestone,  with  Aulqpara,  Fusulina  qfUndruMf  Campo- 
phylluMy  £c. 

1   0 

10 

a.  7  feet  bluish,  ash-colored  clays;  h.  20  inches  black  laminated  shale; 
0.  5  feet  bluish  clay. 

13  8 

9 

Massive  heavy-bedded,  light-yellowish,  rather   hard    limestone,  with 
some  light-colored  flintv  concretions.    Productua  NdfraaceniSj  P.  aemire- 
ticulaiuSf  Spirifcr  cameratuSj  Aviculopecten  oocidentaliSj  Pinna  peracuta^ 
AUarisma  aubcuneataj  SchizoduSf  Sedgwickia  granoaaj  Edmondia  eubrun- 
oata,  Myalina  SwcUlovij  Petalodus  destructor y  PeriprUtis  scmidrcularist,  &c. 

5   0 

8 

Very  hard  bluish  argillaceous  limestone.    Chamomya  Leavenworthensis  . . . 

2   0 

7 

Black  laminated  shale.    Svirifer  vlanooonvexus ............. ............. 

1    6 

6 

Light-colored  clays,    with  chalky  concretions.    Rhombopora  lepidoden- 
aroi4e8f  Lophophyllum  proliferum,  fragments  crinoid8,HmiproRif(»  crasaus, 
Orthia  oarbonariaj  Chonetea  granuUfera,  Spirifer planoconvexus,  S.  camera- 
tua,  Spiriferina  Kentuckenaiay  Betzva  punctuliferaj  Rhynchonella  Oaagcnataj 
Terehratula    homdenSy  Pinna  percuiuta,   Solenomya,    Nucula   ventnooaay 
Euomphalua  rugarua. 

5   6 

5 

Hard  light-gray  limestone,  with  minute  rounded  particles  embedded 

1    3 

4 

Ash-colored  and  yellowish  calcareous  clay  or  marly  material.    Faaulina 
cylindrioa. 

0    6 

3 

Massive,  rather    compact,  light  yellowish  limestone,  with  numerous 
Fuaulina  cylindrioa;  also  curious  cavities,  apparently  left  by  the  cylin- 
drical stems  of  some  marine  plant,  often  abruptly  recurved  like  a 
horseshoe  magnet. 

5    0 

2 

Soft  ash-colored  marlite,  with  millions  of  Fuaulina ;  Fuatulipora,  &c 

1    0 

1 

Hard,  light-grayish  heavy-bedded  massive  limestone,  with  great  num- 
bers of  Imulina  embedded ;  also  Spirifcr  oameratua,  Productua  Nebraa- 
oenaiay  P.  aendreticulatuay  P,  punctatua,  P,  Pratienianuay  &c. 

10    0 

• 

Total  of  Carboniferous  strata 

121    0 

The  lower  members,  1,  2,  and  3,  of  this  section,  with  perhaps  some 
other  beds  beneath  the  surface  of  the  river  at  the  time  of  my  visit,  al- 
most certainly  represent,  as  suggested  by  Professor  Marcou,  the  upper 
part  of  the  Plattsmouth  section,  so  that  the  portion  of  the  section  above 
these  may  be  regarded  as  a  continuation  upwards  of  the  section  seen  at 
Plattsmouth.  Professor  Marcou  only  mentions  60  feet  of  beds  exposed 
here;  but  as  he  does  not  give  a  section  of  these  rocks,  this  is  probably 
only  intended  as  a  rough  estimate  of  the  thickness  of  beds  exposed  at 
and  near  the  lower  extremity  of  the  hill.    By  following  these  outcrops 
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about  150  yards  farther  up  the  river,  however,  I  succeeded  in  ascertain- 
ing the  nature,  thickness,  and  order  of  succession  of  the  various  beds, 
with  the  exception  of  one  unexposed  8^i)ace  already  mentioned,  of  about 
120  feet  of  rocks  here,  above  high- water  of  the  Missouri. 

The  f;iet  that  apparently  the  lower  beds,  within  10  or  15  feet  of  th^ 
river  at  this  locality,  are  found  nearly  40  feet  above  the  Missouri  at 
Plattsmouth,  while  there  is  probably  a  fall  of  5  or  6  feet  in  the  Missouri 
from  Plattsmouth  to  this  locality,  shows  that  there  must  be  a  change  in 
the  dip  of  the  strata  to  the  southward  somewhere  near  Plattsmouth,  as 
noticed  by  Dr.  Owen.  This  is  also  further  shown  by  the  entire  disap- 
pearance of  this  whole  section  of  more  than  120  feet  of  rocks  beneath 
the  level  of  the  river  between  here  and  Nebraska  City.  The  dip,  how- 
ever, is  probably  not  due  southward,  but  apparently  somewhat  east  of 
south. 

This  section  Professor  Marcou  also  referred  to  the  Lower  Dyas — that 
is,  to  the  upi)er  part  of  the  Lower  Dyas — while  the  fossils  found  here, 
like  those  at  Plattsmouth,  he  regarded  as  representing  an  eminently 
New  Red  fauna.  To  any  person  who  has  studied  our  Carboniferous  fos- 
sils, however,  the  reasons  for  these  conclusions  must  be  very  difficult  to 
understand,  as  it  will  be  at  once  observed,  by  a  glance  at  the  list  of 
species  found  in  these  rocks,  that  they  are  precisely  the  group  of  forms 
characterizing  our  Coal-Measures,  strangely  enough  at  some  other  places 
referred  by  Professor  Marcou  to  the  Mountain  limestone,  as  elsewhere 
explained.  From  this  conclusion,  however.  Professor  Geinitz  was  com- 
pelled to  dissent,  on  examining  Professor  Marcou's  collections  from  this 
locality,  as  he  very  properly  referred  these  beds  to  the  Upper  Coal-Meas- 
ares,  to  which  they  unquestionably  belong.  The  strangest  thing,  how- 
ever, is,  that  he  should  have  referred  these  beds  correctly  to  the  Upper 
Coal-Measures,  and  the  Plattsmouth  section  to  the  Lower  Carboniferous, 
when  of  the  thirty-four  or  thirty- five  species  of  fossils  found  at  Platts- 
mouth, about  twenty-five  also  occur  here  at  Rock  Bluff,  while  the  re- 
maining ten  or  eleven  Plattsmouth  forms  not  yet  found  at  Rock  Bluff, 
are  all,  excepting  two  or  three  that  are  common  to  the  Coal-Measures 
and  Lower  Carboniferous,  as  already  stated,  characteristic  8i)ecies  of  our 
Coal-Measures,  and  not  yet  known  to  occur  at  any  horizon  below  the 
Millstone  grit,  in  this  country.  He  was  doubtless  led  into  this  incon- 
sistency in  consequence  of  not  having  a  full  series  of  fossils  from  the 
two  localities  for  comparison,  as  he  seems  to  lay  some  stress  upon  the 
occurrence  of  numerous  Fiisulina  at  Plattsmouth,  this  fossil  being  gen- 
.  erally  regarded  in  Russia  and  Spain  as  characteristic  of  the  upper  part 
of  the  Ix)wer  Carboniferous  series.  He  was,  therefore,  evidently  not 
aware  of  the  fact  that  it  also  occurs  in  vast  numbers  at  Rock  Bluff,  even 
to  the  top  of  the  section,  and  that,  so  far  as  yet  known,  it  is  in  this 
country  peculiar  to  the  Coal-Measures,  being  most  abundant  in  upper 
portion  referred  by  Proftjssor  Marcou  in  part  to  the  Dyas,  and  in  part 
to  the  Mountain  limestone,  and  has  never  yet  been  found  in  any  of  our 
rocks  below  the  Millstone  grit. 

As  at  Plattsmouth,  several  short  drifts  and  other  excavations  have 
been  here  made  in  search  of  coal,  but,  of  course,  without  success,  as 
there  is  certainly  no  workable  bed,  or  even  less  important  seam  of  coal, 
in  this  bluff'. 

Biick  from  the  Missouri  about  six  miles,  in  a  southwest  direction  from 
Rock  Bluff*,  on  a  small  stream  known  as  Weeping  Water,  at  a  locality 
culled  Cedar  Bluff',  there  is  another  very  fine  exposure  of  the  Upper  Coal- 
Measures,  consisting  in  part  of  the  same  strata  seen  at  Rock  Bluff. 
Here  the  following  beds  were  exposed : 
H.  Ex.  19 7 
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Section  of  the  rocks  seen  at  Cedar  Bluff. 


No. 

Nature  of  strata. 

Thick- 
nees. 

23 

Hard,  light-gray  and  yellowish  limestone,  in  rather  thick  layers.    Fuw- 
Una,  Athyris  subtiUtaf  crinoid  columns,  &c.    (An  excellent  building- 
stone.) 

Fl.h. 

8   0 

* 

22 

Light  yellowish-gray  limestone,  in  parts  hard,  but  generally  softer  than 
that  abovie ;  and  in  irregulxu:  layers  of  various  thickness. 

8  0 

21 

Greenish-blue  clav ..-- ..... 

1   6 

20 

Light-grayish  limestone,  more  impure  and  less  compact  than  the  next 
flmestoue  below.    Hemipronites  crassvs. 

8 

19 

Laminated  clav.  crreon  above,  darker  below 

[     1   6 

18 

Hard,  licht-crrav  limestone ...*. 

1  8 

17 

Light-colored  calcareous  marlite,  with  seams  of  whitish  hard  limestone 
above. 

8 

16 

Soft,  yellowish  sandstone,  in  some  parts  laminated ;  possibly  also  occu- 
pying some  of  the  unexposed  space  below. 

12  0 

15 

Unexposed,  excepting  a  little  greenish  laminated  clay  about  4  feet  above 
base. 

15  0 

14 

Brownish-red  clav 

3  0 

13 

Light-yellowish  and  ash-colored  clays,  with  some  thin  layers  of  soft  im- 

6  0 

12 

• 

Brownish-red  clay 

3   0 

11 

Greenish  clay.    Chonetes,  Spirifer  cameratuSy  Campophyllum 

1   0 

10 

Hard,  light-bluish  gray  or  whitish  limestone,  with  green  clay  partings. 
Campophyllum  torquium. 

2   0 

9 

Greenish  and  vellowish  clavs  .... .... ...... ...... .... ...... ...... ..... 

3   0 

8 

Reddish-brown  clays,  with  one  4-inch  band  of  brisht  crreen 

3   6 

7 

Green  crumblinsr  clav - 

1   8 

6 

Yellowish  clay  with  liffht-yellow  calcareous  concretions 

1    0 

5 

Hard,  bluish-gray,  rather  pure  limestone 

1    3 

4 

Soft,  bluish  argillaceous  limestone,  with  at  base  18  inches  green  clay  . . . 

8    0 

3 

Lifirht-firravish  shalv  clav.  with  a  streak  of  black  above 

1    0 

2 

Black  laminated  shale 

2    2 

1 

Dark-bluish  artnllaceous  limestone,  and  indurated  clav 

3    3 

Total 

88  + 

S.'V^          1 
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HaviDg  but  a  comparatively  short  time  to  devote  to  examinations 
here,  only  a  few  fossils  were  colleeted  from  the  beds  in  place,  but  the 
following  species  were  found  among  the  debris  at  the  base  of  the  bluff, 
that  had  evidently  fallen  from  the  rocks  cropping  out  above,  viz:  Sea- 
phiocrinus  henmphceriem,  Zeacrinus  mucrospinus^  Lophophyllumproliferum^ 
Campopkyllum  torquium^  He^nipronites  crassuSy  ChoneteSj  Productus  Nebras- 
censiSj  P.  costutus,  Syntrilasma  hemipUcatUy  Athyris  subtilitaj  Rhyiiclio- 
nella  OsagenmSy  Spirifer  (Martinia)  ptanoconvexus^  8.  (M.)  Uneatus  I  (=per- 
plexusj  3fcC.y)  Spiriferina  KentuckensiSj  the  fragment  of  Fseudonwnotw 
figured  on  Plate  II,  (Fig.  9),  and  Euomphalus  rugoHVS. 

This  exposing  was  not  visited  by  Professor  Marcou,  but  there  can  be 
no  doubt  that  he  would  have  referred  it  to  the  Dyas  if  he  had  seen  it, 
as  it  presents  the  same  general  lithological  characters  as  the  outcrops 
at  Plattsmouth  and  Eock  Bluff,  with  some  differences  in  the  details,  and 
evidently  belongs  to  the  same  series  of  Upper  Coal-Measures.  I  am  in- 
clined to  believe,  however,  that  it  represents  that  portion  of  the  Iloek 
Bluff  section  above  bed  No.  9.  These  beds  all  show  a  dip  of  a  few  de- 
grees to  the  south,  or  southeast. 

The  upper  beds  here  afford  a  good  building-stone,  and  have  been  found 
to  make  good  lime,  while  the  sandstone,  No.  16,  is  at  places  so  soft  and 
ineohei-eut  that  it  can  be  easily  dug  out  and  applied  to  most  of  the  pur- 
poses for  which  sand  is  used.  The  bed  of  black  slate  at  the  base  of  the 
section  was  at  one  time  supposed  to  be  a  sure  indication  that  valuable 
coal  mines  might  be  found  there,  and  caused  the  land  to  be  held,  and, 
if  I  am  not  mistaken,  to  be  sold,  at  a  high  price.  It  is  evident,  how- 
ever, that  no  coal  of  any  value  exists  in  this  outcrop. 

At  Wyoming,  on  the  Missouri,  twelve  miles  in  a  direction  a  little  west 
of  south,  below  Rock  Bluff,  a  low  exposure  of  rocks  crops  out  on  the  im- 
mediate margin  of  the  river,  showing  the  following  beds: 

Section  at  Wyomitigj  ivith  an  enunierati&n  of  the  embedded  fossils. 


Xo.                                                  Nature  of  strata. 

Thick- 
ness. 

6 

* 

Bine  and  red  clay,  entire  original  thickness  unknown.      Productus 
semireticulatuSy  Syntrilasma  hemiplicatay  Athyris  BuhtiUta,  Chonetes  gran- 
ulifera,     Productus   NebrascetisiSf     Spirifer    {Martinia)  planoconvexuSy 
Hemipronites  crassus,  Spiriferina  KentuckensiSj   Rhynchonella  OsagcnsiSf 
Pleuropkorus  occidentaliSy  Bellerophon  carbonariaj  Euomphalus  rugosus, 

&.C. 

Ft,  In, 
4    0 

5 

Hard  gray,  impure  silicious  limestone.    FusuUna  cylindrica,  Syntrilasma 
hemiplicatay  iragments  crinoids,  <&.c. 

2    0 

4 

Light  grayish  ash-colorod  clay.     Hemipronites  crassuSy  Syntrilasma  hemi- 
plicata,  Chonetes  granutiferay  Meekella  striato-costatay  Spirifer  canuratuSy 
Productus  longispinuSf  Spirifina  KentuckensiSy  Spirifer  {Martinia) planooon- 
vexusy  &c. 

3    6 

3 

Massive  hard  yeUowish,  or  light-grav  silicious  limestone,  somewhat  ar- 
gillaceous below.    SchizoduSy  Allorismay  Pinna  pcracutay  FusulinUy  &c. 

4    0 

2 

BlaLsh  and  ash-colored  laminated,  calcareous  clavs 

5    0 

• 

1 

Red  gritty  clay,  passing  down  into  a  soft  red  sandstone,  more  or  less 
micaceous,  npple-marked  and  concretionary. 

9    0 

Total 

i    ^     ^ 

100 
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All  these  beds  sliow  a  slight  inclination  to  the  southward  or  south- 
eastward. On  the  upper  surface  of  bed  No.  3, 1  saw  the  same  kind  of 
curious  markings,  apparently  of  the  cylindrical  stems  of  some  marine 
plant  (often  curved  like  a  horseshoe  magnet,)  mentioned  as  occurring  in 
bed  No.  3,  at  Eock  Blulf.  The  beds  here  at  Wyoming,  however,  appear 
to  hold  a  higher  position  in  the  series,  judging  from  the  southeastward 
dip  of  the  stmta  here  and  at  Cedar  and  Kock  Bluft's,  than  any  of  the 
beds  at  either  of  the  former  localities.  Professor  Marcou  places  them 
on  a  parallel  with  the  lower  part  of  the  section  seen  at  Nebraska  City, 
and  I  am  inclined  to  believe  they  belong  to  that  horizon,  or  at  least  very 
near  it,  in  the  series.  He  includes  them,  however,  as  a  part  of  the  Up- 
per Permian,  or  Dyas,  and  in  this  Professor  Geinitz  concurs  with  him, 
though  all  the  fossils  yet  found  here  occur  also  in  the  very  beds  referred 
by  the  latter  author  at  Plattsmouth  to  the  Lower  Carboniferous,  and  all 
but  about  live  of  them  in  the  same  beds  at  Omaha  and  Bellevue  re- 
ferred by  Professor  Marcou  to  the  Lower  Carboniferous ;  while  even  the 
foiu*  species  occurring  here,  that  have  not  yet  been  found  at  Omaha  or 
Bellevue,  such  as  Meekella  striato-costata^  Bellerophon  carhonaria^  Syntri- 
lasnia  hemiplicata^  and  Pinna  peracuta^  are  well-known  Coal-Measure 
species.  In  short,  there  is  not  the  slightest  reason,  if  we  can  place  any 
reliance  whatever  upon  fossils  in  identifying  and  determining  the 
position  of  strata,  for  separating  this  outcrop  from  the  Upper  Coal- 
Measures. 

About  four  miles  in  a  nearly  south  direction  from  Wyoming,  and 
three  miles  in  a  northwest  direction  from  Nebraska  City,  at  Bennetfs 
Mill,  there  is  to  be  seen  along  a  small  stream,  probably  90  to  100  feet 
below  the  summit  of  the  immediately  surrounding  country,  an  exposiue 
showing  the  following  beds : 

Section  at  Bennetfs  Mill. 


No. 

Nature  of  strata. 

Thick- 
ness. 

4 

Hard  silicioiis,  light-gray  liincstoue,  at  some  places  in  two  layers,  with 
a  clay  parting  between ;  and  although  compact  within,  showing  indica- 
tions of  a  laminated  structure  on  weathered  surfaces.    Bhombopara 
lepidodendroUlea,    Fusulina  ciflindrica,  Syntrilasma  hemiplicataf    Sjyinfei' 
(Martinia)  planoconvexu^,  RhynchoneUa  OaayemiSy  Chanetes gramiliJh'a,C. 
glabra^  Produetus  loughpinus,  Spirifer  cameratuSj  and  teeth  of  Peripristis 
semicircularui. 

Ft.  In. 
2   6 

3 

Linht  drab  and  ash-colored  clays 

3    0 

2 

Band  of  soft  drab  argillaceous  limestone,  containing  Produetus  Prat- 
tenianus,  P.  puuctatus,  Chonctcs  grannlifera^  Spirifer  canicrattiSj  Syntrilas- 
ma hemiplicataf  Scaphiocrinus {*)  hemitijikwricus,  Myalina  suhquadrata^  Avi- 
culoj>ecten  occidcn talis,  Pinna  pcracuta^  Allorisma  subcuneata,  Pscudomo- 
notis  sp.,  Allorisma  sp.  and  Chomatodus  arcuatus. 

0  s 

1 

Light  grayish  crumbling  indurated  clay,  of  which  about  two  feet  were 
exposed. 

S    0 

These  beds  Professor  Marcou  and  Professor  Geinitz  regard  as  occu- 
pying the  same  horizon  as  those  seen  at  Wyoming,  and  the  lower  part 
of  the  Nebraska  City  section,  which  is  doubtless  very  nearly  or  quite 
correct.    I  cannot  concur  with  them,  however,  in  including  these  rocks 
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in  the  Permian,  for  the  reasons  already  stated  in  regard  to  the  Wyoming 
and  other  outcrops. 

Abou£  two  miles  down  the  same  little  stream,  in  an  east  direction  from 
Bennett's  Mill,  the  same  beds  are  seen  at  a  somewhat  lower  level  in  the 
bed  of  the  creek.  Here  the  following  fossils  were  found :  Rlwmhopora 
lepidodendroideSj  Fistuliporaj  Scaphiocrinics  heinisphwricus^  Hemipronites 
erasBUSj  Syntrilas^ma  hemiplicata,  Chonetcs  granulifera^  Meekella  striato- 
costata^  Productus  semiretwulatus^P,  longispinus  (i),  Athyris  suhtilita^  Spiri- 
fer  cameratuSj  Spirifer  (Martinia)  planoconvexus  and  Platyceras,  (See 
Plat©  IV,  Fig.  15,  a.  b.) 

The  next  locality  at  which  these  rocks  were  examined  was  at  the  Ne- 
braska City  landing,  where  the  following  succession  of  beds  may  be 
seen: 

Sectian  of  beds  exposed  at  the  NebrasJca  City  landingy  icith  an  enumeration 

of  the  fossils  found  in  each. 


Nature  of  strata. 


D. 


C. 


B. 


Loess  or  bluflf  deposit,  consisting  of  fine  liglit-grayish  pulverulent  sili- 
cious  and  more  or  less  calcareous  clay  or  marl,  without  distinct  marks 
of  stratification  ;  rising  back  to  a  height  of  80  to 

Yellowish-gray  micaceous,  soft  sandstone,  laminated  or  in  thin  ripple- 
marked  layers,  excepting  12  to  15  inches  of  the  lower  part,  which  is 
sometimes  hard  and  compact ;  with  fragments  of  plants. 


Thick- 
ness. 

Ft,  In, 
90    0 

10    0 

• 

Drab,  ash,  and  lead-colored,  and  reddish-brown  clays,  with»  near  the  mid- 
dle, a  9  or  10-inch  hard  bluish-gray  argillo-ciilcareous  layer,  weathering 
to  a  rusty  color.  Fossils  numerous,  particularly  near  the  lower  part, 
as  follows :  Rhomhopora  lepidodendroidcs,  Ijophophyllnm proUfei^umj  SaiphU 
acrinus  (?)  hemisphccricuSy  Eocidaris  UaUianuSy  Synocladia  biserialiSj  Fcncs- 
itUa  Shumardi^  Polifpora  suhinarfjinata,  Glauconome  trilineata*  Lingula  Sco- 
tica  {f)f  Ucmiprouites  crasstis,  Si/ntrilasmahcniipUcatay  Chonetcs  glabra^  C. 
granuUfera^  Producim pa'tenius,  Productm  longUpinus  (/),  P.  Frattenianus, 
P.  Nebrascensis,  P.  sffmmetricus,  P.  seviiretriculatus,  Rhynchonvlla  OnagcnsiSy 
Spirifer  canwratns,  Spirifer  {!dartinla) planoconve-jctuiy  Spiriferina  Kentuck- 
ensiSy  Athyritt  snblilitay  Lima  retif era ,  Entoliuvi  avicnlatum,  Aviculopecten 
carhonarius,  A.  ueglcctuSf  A.  Coxunm,  A.  occidentaliSy  Myalina  SwaUot^if 
M,  §ut>quadrataj  Avicula  tonga,  Avicula  {?)  Sutcata,  Aricutopinna  Anier- 
icana^  Pwudomonotis  radialis  (f  ?;,  Sucula  Feyrichi  (f  f ),  Nucnta  retitricosa^ 
Yoldia  tmbsdtula,  Niicntana  bdl'istriataj  Macrodon  tenuistriata,  Solenomya 
sp.,  SolenopaiH  sotcnoideSf  Ptetiropliorus  obtongus,  Schizodns  curiuSy  S.  Whee- 
leri,  Sdtizodus  sp.,  Modiotn  sabetliptica,  Edmondia  rajtexaj  E.  NebrascensiSj 
E.  (?)  gtabra,  Prothyris  ehgans^  Allorisma  (Sedyewickia)  subelegansj  A.  {S.) 
Geinitzii,  A.  reflexttj  Dcntalium  Me^^anuniy  Iklterophon  MontfortianuSy  B, 
pej-carinatiMf  B.  MarcouanuSj  B.  cart)onaria,  Euomphutns  rugosusj  Ortho- 
nema  9nbta^niata,  Aclia  Swalloviana,  Pteurotoviaria  Haydenij  P.  sul)- 
decMSsatay  P.  Maroouana,  P.  Grayvillcnm,  Orthoccraa  cribrosuMf  Xautilus 
0€cid4:Mtali8f  Cy there  NebrascensiSy  and  Cytherc  sp. 


Several  beds  of  hard,  light-grayish,  and  yellowiijh  limestones,  in  layers 
of  from  five  to  twenty  inches  in  thickness,  with  soft,  marly  clay  seams 
and  partings.  Fossils :  FusiiUna  cylindrica,  Fhonit)opora  lepidodendroidesy 
Lophophyllum  prolifcrumy  Erisocrinns  typaSy  Synocladia  biserialis,  Hemipro- 
nitcs  crasHUSy  Vrthia  carbonariUy  Meekella  striato-coslata,  Syntrilasma  hemi- 
plicatay  Chonetcs  granuliferay  Chonetrs  glabruy  Productm  longispinus  (f), 
P.  setnireticulattts,  P.  costatus,  P.  PratttnianuSy  P.  Nebrascensis,  P.  symvie- 
trimSj  RhynchonellaOsagensiSy  Spirifer  (Martinia)  planoconrexusy  S.  came- 
ratusy  Athyris  subtilitay  Retzia  punctuliferay  Pinna  pcracutUy  Myalina  sub- 
qundintOy  Alloriffma  subcuneata,  Euomphalm  rugosuSy  Bellcrophon  carbona- 
rioy  Phillipsia  scitul<if  Cladt)dus  mortij'er  and  Deltodm  (?)  angularis. 


39    0 


12    0 
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A. 


Nature  of  strata. 


a.  Lead-grayish  aud  greeDish  clay,  4  feet  

b,  Eeddish-brown  ferruginous,  slightly  gritty,  indurated  clay,  4  feet  ex- 
posed above  high-water  mark. 


Total  below  drift 


Thick- 
ness. 

Ft.  In. 

8    0 


69    0 


Fusulina  cylindrical  mentioned  among  the  fossils  of  bed  B  above,  was 
not  found  by  us  in  that  bed  immediately  at  the  Nebraska  City  lauding, 
but  it  occurs  in  this  bed  at  Bennett's  Mill  and  Wyoming ;  also  in  beds 
referred  to  this  horizon  by  Professor  Marcou,  one  and  three-fourths  mile 
and  two  and  a  half  miles  west  of  the  outcrops  at  the  landing,  at  eleva- 
tious  of  from  73  to  80  feet  above  low-water  of  the  Missouii.  We  also 
found  it  in  a  limestone  cropping  out  of  the  bluff  one  mile  below  (south- 
east of)  the  Nebraska  City  landing,  at  a  higher  geological  horizon  than 
bed  D,  of  the  above  section.  The  following  other  fossils,  not  yet  found 
in  bed  B,  at  Nebraska  City,  occur  in  it  at  Bennett's  Mill  and  Wyoming, 
as  shown  in  the  sections  at  those  places :  SeapJiiocrinvs  (?)  hemi»pha;ricus^ 
Zeacrintis  mucrospimis^  Eniolium  aviculattinij  Aviculopectcn  occidentals, 
Pseudomonotis  sp.,  Pleurophorus  occidentalis  (f ),  Pcriprisiis  semioircul^tlrus 
and  Choynatodtis  arcuatus. 

In  the  foregoing  section  I  have  adopted  the  principal  divisions  recog- 
nized by  Professor  Marcou,  and  for  convenience  have  also  followed  him 
in  using  letters  instead  of  numbers,  to  designate  the  several  divisions. 
He  made  other  more  minute  subdivisions,  but  however  well  it  may  be  to 
do  this  in  first  examining  such  exposures,  with  a  view  of  keeping  sep- 
arate the  fossils  coming  from  each  subordinate  bed  or  seam,  so  soon  as 
we  know  which  beds  are  merely  local  modifications  of  color,  hardness, 
&c.,  and  which  are  more  persistent  and  recognizable  at  other  localities 
by  their  lithological  characters  and  the  grouping  of  their  fossils,  such 
minute  local  details  had  better,  in  comparing  sections,  be  dispensed  ^^ith, 
as  they  make  the  sections  more  complex  and  less  easily  compared. 

By  a  glance  at  the  list  of  fossils  found  in  the  bed  B,  it  will  be  at  once 
seen  that  with  the  exception  of  some  five  or  six  species  (which  are 
themselves  well-known  Coal-Measure  forms),  we  have  here  all  of  the  very 
same  species  found  in  the  Bellevue  and  Omaha  beds  referred  by  Profes- 
sor Marcou  to  the  mountain  limestone,  and  along  with  them  a  number 
of  other  species,  forming  altogether  a  group  peculiarly  characteristic  of 
the  western  Coal-Measures,  which  Professor  Marcou  would  also  insist 
upon  making  mountain  limestone,  in  Iowa,  Missouri  and  Illinois. 

This  list  of  species,  it  will  likewise  be  observed,  not  only  includes  such 
types  as  the  foraminiferous  genus  FtisuUna^  Corals,  Crinoids,  Brachio> 
pods,  &c.,  but  also  Lamellibranchs,  Gasteropods,  and  the  Carboniferous 
and  older  genus  PhilUpsia.  as  well  as  Carboniferous  genera  of  fishes. 
For  these  reasons,  I  must  repeat  that  I  cannot  concur  with  Professors 
Marcou  and  Geinitz,  in  separating  these  beds  from  the  Coal-Measures  and 
including  them  in  the  Permian  or  Dyas,  merely  because  a  few  such 
forms  as  PscudomonitiSj  Pluraphorm,  and  Schizodus^  closely  allied  to,  or 
possibly  even  in  some  cases  identical  with,  European  Permian  species, 
are  occasionally  met  with  in  them. 

On  ascending  to  division  C,  we  also  meet  with  a  large  proportion  of 
the  same  fossils  found  in  B,  along  with  a  considerable  number  not  here 
found  in  the  latter  division.    These,  however,  as  will  be  seen  farther 


NEBRASKA  AND  PORTIONS   OF  ADJACENT  TERRITORIES.     103 

on,  are  nearly  aU  species  tbat  occur  elsewhere  in  the  Coal-Measores  of  the 
western  States.  Consequently  I  can  see  no  reason  whatever  for  drawing 
any  important  line  of  division  between  the  beds  included  in  C  and  those 
of  B,  or  for  separating  either  from  the  Coal-Measures. 

The  following  beds  were  seen  at  Mr.  Morton's  and  Mr.  Werth's  places 
near  Nebraska  City,  but  with  the  base  of  the  outcrops  elevated  73  to  80 
feet  above  the  Missouri. 


Section  IJ  and  2 J  miles  due  west  of  Nebraska  City/ 


No. 

Nature  of  strata. 

Thick- 
ness. 

5 

Slope  consisting  of  50  or  60  feet  of  Loess,  at  the  base  oi  which  some 
sLibs  of  ripple-marked  micaceous  sandstone  were  fseen  apx)arently 
nearly  in  place. 

Ft  In, 
60    0 

4 

Blaish.  creenish  and  drab  clavs.  showin&r  about  19  feet 

19    0 

3 

• 

Blaish  impure  argillaceous  limestone,  some  partu  very  hard,  others  do- 
composing  and  shaly.    FuHulina  q/Undrica,  Scaphiocnnus  (?)  hemisphwr- 
icttSf  Rhonwopora  lepidodendroideSy  Hemiprouites  crassnSj  Choncles  granuli- 
ferUf  C,  glabra,  Spirifer  (Afartima)pUmoc<mvexu8,  Spiriferina  Keninckensis, 
Athyris  mihtilUay  Spirifer  cameraius,Jihynchofiella  OsagensiSy  Syntrilasma 
hemiplicata,  Productua  costatMtf  P.  setnireticulatuSf  P.  symm^tncmy  P.  lon- 
gispinus  (f ),  Myalina  subqwadraiay  Euomphalua  rugosuSy  &c. 

2    0 

2 

Black  bituminous  shftle,  with  a  few  inches  of  coal.    Some  of  the  same 
fossils  in  the  §luAt  as  those  in  the  bed  above. 

1    6 

1 

Blue  byniiisted  clay ;  only  a  few  inches  exposed. 

The  groap  of  fossils  found  in  No.  3  here,  it  will  be  seen,  agrees  exactly, 
fiir  as  they  go,  with  that  of  division  B  of  the  section  at  the  lauding,  with 
the  exception  oiFusulina^  which  is  quite  abundant  here,  but,  as  already 
stated,  is  not  yet  known  to  occur  at  the  jSebraska  City  exposures,  though 
found  in  division  B,  at  Wyoming  and  Bennett's  Mill.  The  rocks  them- 
selves, however,  do  not  correspond  with  those  composing  the  section  at  the 
landing,  in  their  composition  and  other  characters.  The  clays  of  Xo.  4, 
it  is  true,  might  correspond  to  a  part  of  division  C  at  Nebraska  City,  and 
the  loose  masses  of  ripple-marked  sandstone  might  be  supposed  to  have 
shdden  from  a  bed  agreeing  with  division  D,  but  the  other  beds  below 
are  so  different  from  any  of  those  forming  the  lower  part  of  the  Nebraska 
City  section,  as  to  give  rise  to  doubts  as  to  their  identity.  At  least  I 
saw  nothing  there  representing  the  black  shale  and  coal  seen  at  Mr. 
Morton's  and  Mr.  Werth's  places. 

Another  fact  pointing  to  the  conclusion  that  the  beds  forming  the 
foregoing  little  section  probably  hold  a  higher  position  than  those  seen 
at  the  Nebraska  City  landing,  is  the  occurrence  of  an  outcrop  agreeing 
almost  exactly  with  the  former,  at  a  locality  one  mile  below  Nebraska 
City,  in  a  southeast  direction,  at  an  elevation  of  30/cef  above  high  water. 
Here  the  same  black  shale  with  seams  of  coal  is  seen,  with  blue  and  ash- 
colored  clays  below,  and  immediately  above  it  a  hard  bluish-gray  argil- 


•  Professor  Gienitz  alludes  to  the  locality  at  Mr.  Morton's  as  being  four  miles  west  of 
Nehiuska  City.  I  am  informed,  however,  by  the  engineer  who  ran  the  level  between, 
the  Nebraska  City  landing  and  this  outcrop  at  Mr.  Morton's,  that  the  distance  is  If 
mUee,  and  the  elevation  73  feet. 
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laceous  limestone  30  incbes  in  thickness,  with  FtLSuUnn,  Hemipronites 
crassus  and  fragments  of  other  fossils,  while  immediately  above  the 
limestone  greenish  and  bluish  clays  were  seen  for  some  15  feet  in  place, 
with  pieces  of  bluish  argillaceous  rock  lying  loose.  Now,  as  this  out- 
crop is  just  about  one  mile  from  the  landing,  and  almost  exactly  in  the 
direction  of  the  dip,  it  cannot  of  course  belong  to  any  position  below 
the  beds  seen  at  the  landing,  without  there  should  be  a  reverse  of  tlie 
dip,  or  a  fault  here,  of  which  there  is  no  evidence  whatever ;  while  the 
beds  themselves  are  entirely  different  from  any  part  of  that  section. 
Hence  it  seems  almost  morally  certain  that  this  is  the  same  limestone, 
black  shale,  coal,  &c.,  seen  at  Mr.  Morton's  and  Werth's  places,  brought 
down  to  within  30  feet  of  the  Missouri  at  this  place,  by  a  gentle  southeast 
dip,  the  distance  from  Mr.  Moiton's  to  this  point  being  about  two  and 
three-quarter  miles.  If  these  are  the  same  beds  seen  at  Mr.  Morton's, 
then  the  place  they  occupy  here,  one  mile  southeast  of  the  Nebraska 
City  outcrops,  almost  exactly  in  the  direction  of  the  dip,  and  yet  at 
an  actual  elevation  of  30  feet  above  the  base  of  the  outcrop  at  the 
landing,  it  would  follow  that  the  beds  seen  at  Mr.  Morton's  and  Mr. 
"Werth's  hold  positions  a  little  higher  in  the  series  than  the  top  of  the 
Nebraska  City  section,  and  of  course  that  there  is  here  a  recurrence  of 
nearly  the  same  fauna  above  division  C,  as  that  found  beneath  it,  in 
division  B,  at  the  landing.  On  the  other  hand,  if  these  beds  of  shale, 
coal  and  limestone,  seen  one  mile  below  Nebraska  City,  are  not  the  same 
seen  at  Mr.  Morton's,  they  must  hold  a  still  higher  stratigraphical  posi- 
tion ;  and,  as  they  correspond  to  nothing  in  the  Nebraska  City  section, 
they  would  at  least  establish  the  existence  of  the  genus  FusuUna  above 
the  horizon  of  division  C  at  Nebraska  City  landing.  It  will  also  be 
seen  farther  on  that  the  outcrop  at  Otoe  City,  doubtless  correctly  placed 
by  Professor  Marcou  above  the  horizon  of  division  C,  contains  great  num- 
bers of  FusuUna^  with  various  other  Coal-Measure  types,  and,  so  far  as 
yet  known,  none  of  the  Permian  forms. 

It  is  to  be  regretted  that  in  sinking  a  shaft  at  Mr.  Morton's,  to  a 
depth  of  nearly  100  feet,  commencing  nearly  on  a  level  with  the  base  of 
the  outcrop  alluded  to,  no  memorandum  of  the  thickness  of  the  various 
beds  and  seams  passed  through  was  kept.  A  great  number  of  hand 
specimens  of  the  material  penetrated,  consisting  of  various-colored 
clays,  arenaceous  matter,  &c.,  with  some  limestones,  were  carefully  pre- 
served, but,  unfortunately,  it  was  impossible  to  obtain  any  more  reliable 
information  in  regard  to  the  exact  thickness  and  order  of  succession  of 
the  numerous  layers  penetrated  than  could  be  given  from  memory  by 
the  workmen ;  while  the  planking  up  of  the  shaft  prevented  the  possi- 
bility of  any  information  of  this  kind  being  derived  from  a  direct  exam- 
ination. 

It  is  worthy  of  note  here,  that  some  of  the  clays  shown  to  us  from 
the  shaft,  agree  very  well,  in  color  and  other  respects,  with  those  of 
division  C,  at  the  Nebraska  City  landing,  and  some  of  these  specimens 
also  contained  a  group  of  fossils  very  rarely  found  together  in  any  other 
horizon  than  that  division — such,  for  example,  as  Gfionetes  glabra.  Art- 
mdopecten  carbonariiis,  Bellerophon  Marcouianus^  &c.  All  the  fossils 
found  in  the  material  removed  in  excavating  this  shaft  are  figured  to- 
gether on  Plate  IV.  No  coal  was  struck,  but  at  near  the  bottom  of  tlie 
shaft' a  black,  bituminous  shale,  3  feet  in  thickness,  containing  the  impres- 
sion of  a  Calamite,  was  penetmted.  Immediately  under  this,  a  hard, 
white  limestone,  3  feet  in  thickness,  was  also  ptissed  through. 

As  a  means  of  forming  some  conclusions  in  regard  to  the  nature  of  the 
strata  beneath  the  surface  of  the  Missouri  at  Nebraska  City,  the  fol- 
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lowing  statement  of  an  artesian  boring,  made  at  this  locality,  is  given. 
This  bonng  was  made  in  the  valley  of  the  river,  about  one  mile  below 
the  landing,  commencing  about  13  feet  above  high- water  mark. 

Mr,  CroxtorCs  boring  at  Nebraska  City.* 


No. 

Nature  of  strata  penetrated. 

Depth. 

• 

1 

Allnvini  ,-_^ , , ^^^-,-^,- 

Ft,  In, 
17        0 

2 

TuimAfitnnA 

2        8 

3 

Grav  shales ............ ...... ...... ...... . .. 

6        0 

4 

Sandstone 

1        4 

5 

TjilTIAfltOTIA      -          ^ T-T--          T -'t' -    '     .-          -          - 

2        0 

6 

Blue  shales 

2        0 

7 

Red  shales ...... .... ...... .... .... ...... .... ............. ...... ...... 

15        0 

* 

8 

Limestone 

1        0 

9 

Red  and  buflf  shales 

7        0 

. 

10 

Limestone 

2        0 

11 

Shale 

3        0 

12 

Limestone 

1        0 

13 

Red  sandstone  ...... ...... ..-.,. .-. .. 

4        0 

14 

Grav  shales 

8        0 

15 

Red  shales 

5        0 

16 

Grav  shales 

20        0 

17 

Micaceous  sandstones  ...... ...... .. .... .... .... ...... .... ...... ...... 

8        0 

18 

Blue  limestone 

1        0 

19 

Buff  shale^s - 

3        0 

20 

Gray  shales 

12        0 

21 

Red  sandstone 

4        0 

22 

Red  shales 

3        0 

23 

Gray  shales  with  intercalations  of  various  kinds  of  rock,  sulphurot  of 
iron  (smutty,  according  to  mines)  and  traces  of  petroleum. 

65        0 

24 

5        0 

*  The  different  beds  passed  through  in  this  and  the  other  artesian  borings,  are  num- 
bered from  above  downward ;  while  those  of  the  sections  examined  above  the  horizon 
of  the  Missourii  are  numbered  from  below  upward. 
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No. 


Nature  of  strata  penetrated. 


25 


26 


Coal 


27 


23 


29 


30 


31 


32 
33 
34 


Clay  and  uhale . 


Red  shale 


Calcareous  sand 


Blue  slate  rock . 


Red  shales 


Limestone  with  hard  seam. 


Black  slate 


37 


38 


39 


40 


41 


42 


43 


44 


45 


46 


47 


48 


49 


50 


51 


52 


53 


54 


Brown  shales 


White  limestone,  very  fine  texture, 


35     White  limestone 


36     Gray  shales. 


White  sandstone,  fixte  t<?xture , 


Blue  limestone. 


Coarse  gray  sandstone,  (salt  wa%er} 


Fine  freestone 


Shale. 


White  limestone 


Hard  brown  shale . 


Fossiliferoos  calcareous  shale 


Gray  soft  shale , 


Calcareous  sand-rock 


White  lime  or  marl , 


Blue  limestone 


White  shales  or  marl 


Pyritiferous  rock 


White  shales  or  marl. 


Crinoidal  limestone 


Brown  shale  or  slate 


Buff  shale 


Depth. 


Ft,  In. 

1  3 

13  0 

3  0 

1  0 

1  4 


0      10 


1 


0 


0 


0 


0 


0 


0 


0 


0 


0 


16       0 


0 


0 


0 
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No. 


Nature  of  strata  penetrated. 


Depth. 


56 


55  '  Blue  shales 


Ft,    In. 
10        0 


Gray  and  white  shales 


57  '  Gray  slate 


15 

0 

2 

0 

—2 

0 

5 

0 

ijS     Black  slate 


59  ,  Limestone 


Total 


344 


1  had  no  op]K)rtunity  to  examine  the  borings  from  this  well,  and  have 
to  rely  entirely  npon  the  memorandum  kept  by  those  conducting  the 
work.  Although  it  is  probable,  ibr  reasons  elsewhere  intimated,  that 
the  details  of  the  section  may  not  be  exacth'  correct  in  all  respects,  it 
doubtless  gives  a  good  general  idea  of  the  stnita  penetrated,  and  is  im- 
l>ortant  as  a  demonstration  that  no  workable  beds  of  coal  exist  here 
beneath  the  level  of  the  Missouri  Valley,  within  nearly  350  feet  of  the 
surface.  It  also  confirms  other  evidences  of  a  southeastern  dip  here, 
because  it  is  evident  that  the  beds  numbered  2,  3,  4,  5,  G  and  7,  near  the 
top  of  the  boring,  are  the  same  a^  divisions  A  and  B,  of  the  section  at  the 
lauding;  and  as  tbey  rise  there  nearly  20  feet  above  high  water,  and  are 
here  found  entirely  below  that  horizon,  the  evidence  becomes  quite  con- 
clusive as  to  the  dip.  It  also  shows  that  the  Fmulina  limestone  crop- 
l)iug  out  of  the  hill  30  feet  above  high  water,  some  150  yards  farther 
down,  and  in  the  direction  of  the  dip,  must  hold  a  i>osition  above  the 
whole  of  the  section  seen  at  the  landing. 

Atter  leaving  the  immediate  vicinity  of  Nebraska  City,  no  exposures 
of  rocks  in  place  were  observed,  until  we  arrived  at 'Otoe  City,  about 
five  and  a-half  miles  farther  down  the  river,  in  a  direction  east  of  south. 
Here  we  saw  the  following  beds  exposed : 

Section  of  the  beds  exposed  at  Otoe  City, 


No. 

Nature  of  strata. 

Thick- 
ness. 

Loess,  with  some  Drift  at  the  base 

Ft.  In. 
40    0 

11 

Soft.  Yellowish  sandstone 

10    0 

10 

Drab  and  ash-colored,  with  seams  and  concretions  of  arenaceous  matter. 

3    0 

9 

Bluish  laminated  clays,  passing  gradually  into  the  next  bed  below 

7    0 

8 

Nearly    black   laminated   clay  or  shale,  with  sometimes    between    it 
and  the  bed  above  a  6  to  8-inch  bed  of  yellow  limestone  in  the  shale. 
ProductHS  PratieninnuSf  P.  longispiniis  (?),  Sp.  {Alartinia)  planocanvfsruSj 
Rhynchondla  Osagcn^Uj  Chonetes  granuliferay  Spirifcrina  Kentuckerms, 
Productus  semrcticulatuBy  Hemipronitcs  croHSUH, 

—3    0 

7 

Verv  hard,  datk-cra v  calcareous  laver - 

4 

i 
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No. 

Nature  of  strata. 

• 

Thick- 
ness. 

6 

Red)  green,  blue,  and  light  ash-colored  clays,  with   near  the  base  a 
2  or  3-inch  seam  of  black  shale. 

Ft    In. 

58    0 

5 

Soft,  drab,  marly  material,  becoming  in  parts  hard  and  compact,  or  with 
hard,  calcareous  seams.    Millions  of  Fuaulina  cylindiica  ;  also,  Chone- 
tes  granuUfera,  Memipkronit^sa  crassuSf  Spirifer  cameratusj  Smr\ferina  Ken- 
tucX-ensis,  Sy^ntrilasma  heniiplicaia^  Meekella  striatihcostataf  Productus  8cmi- 
reticulaluSf  Myalina  peratienuata. 

3    0 

4 

Light  drab  laminated  clay,  with  a  streak  of  black ;  at  one  place  seen  to 
swell  out,  so  as  to  form  a  bunch  of  coal,  6  to  8  inches  thick,  with  efflor- 
escence of  sulphate  iron. 

1    6 

3 

Sofb.  incoherent,  vellowish  sandstone 

6    0 

2 

Soft,  bluish,  sandy  shale,  with  large,  round,  and  compressed  oval  con- 
cretions. 

5    0 

1 

Bluish  and  drab  clays,  in  parts  more  or  less  arenaceous.    Productus  Prat- 
tenianua. 

15    0 

Total,  exclusive  of  Loess  and  Drift 

111  — 

It  is  proper  to  state  here,  that  the  whole  of  this  section  was  not  seen 
in  one  uninterrupted  exposure.  All  the  beds  from  No.  1  up  to,  and  in- 
cluding 8  feet  of  j^o.  6,  are  seen  in  regular  succession  immediately  above 
the  site  of  the  deserted  village  called  Otoe  City.  The  remaining  portion 
above  was  seen  in  another  exposure  about  a  quarter  of  a  mile  above  the 
village,  with  just  enough  uncovered  space  below  (allowing  for  a  gentle 
inclination  of  the  strata)  to  receive  the  beds  seen  immediately  above 
the  village,  and,  as  but  a  moderate  southeast  dip  was  observed  here, 
there  is  scarcely  any  reason  to  doubt  the  propriety  of  regarding  the  two 
exposures  as  directly  succeeding  each  other  in  the  vertical  series. 

At  the  time  this  section  was  examined,  the  Missouri  was  nearly  at 
high-water  mark.  I  was  informed  by  a  gentleman  living  in  the  village, 
however,  that  the  bluish-drab  clays  forming  No.  1,  continue  on  down  12 
to  13  feet  farther  than  the  base  of  the  section  as  given  above,  and  that 
beneath  the  whole  there  is  a  dark  bluish-gray  limestone,  of  which  I  saw 
some  pieces  containing  Hemipronites  crcLSum. 

If  the  southeast  dip  observed  near  Nebraska  City  is  continued  in  this 
direction  to  this  place,  it  is  quite  probable  that  the  dark-bluish  gray 
limestone  seen  at  low  water  here  at  the  base  of  the  Otoe  City  section,  is 
the  same  seen  cropping  out  over  the  black  shale  and  coal,  30  feet  above 
the  Missouri,  one  mile  below  Nebraska  City.*  K  so,  it  would  apparently 
make  the  whole  of  the  Otoe  City  section  newer  than  the  beds  seen  at  the 
Nebraska  City  landing.  This  would  agree  nearly  with  the  opinion  ex- 
pressed by  Professor  Marcou,t  who,  if  1  understand  him  correctly,  thinks 
the  lower  beds  here,  up  to  No.  5  inclusive,  of  the  foregoing  section, 
the  same  as  division  D  of  the  section  at  Nebraska  City,  and  some  10  feet 


*  Professor  Marcou  gives  the  distance  from  Nebraska  City  to  Otoe  City  as  twelve 
miles  south ;  in  this  he  probably  means  by  the  curves  of  the  steamboat  channel  of  the 
Missouri  River,  as  it  is  only  about  live  and  a  half  miles  by  a  direct  line,  and  in  a  south- 
east direction. 

tBoU.  GeoL  See.  France,  XXI,  new  ser.,  p.  137. — 1864. 
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of  the  bed  No.  6  exposed  iu  the  bluff  at  Otoe  City,  a  part  of  the  highest 
bed  of  the  Dya**.  He  seems  not  to  have  seen  the  other  beds,  forming 
the  upper  part  of  the  section  between  a  quarter  and  a  half  mile  farther 
up  the  river.  He  also  appears  to  have  made  the  identification  entirely 
from  lithological  characters,  as  neither  he  nor  Professor  Geinitz,  who 
investigated  his  collections,  mentions  any  fossils  from  this  locality,  while 
all  of  those  yet  known  from  this  outcrop  are,  as  may  be  seen  by  the 
names  iu  the  section,  thes^me  Coal-Measure  tyj)es  so  often  mentioned  at 
other  localities.  So  it  will  be  seen  we  have  here  additional  evidence  to 
that  mentioned  in  connection  with  the  statement  of  facts  observed  at 
and  near  Nebraskii  City,  that  there  are  above  the  horizon  of  division  C 
at  Nebraska  Cit}'  section,  n^petitions  of  the  same  Coal-Measure  group  of 
fossils,  seen  in  the  beds  below,  including  millions  of  Fusulitia^  with 
Chonetes  granuUfera,  Productus  semireticukiUcs^  P.  PrattenianuSj  Spirifer 
cameratusy  Sjnri/erina  KentuckensiSy  Hcmipronites  crasmiSj  Rhynchonella 
OsagensiSj  Syntrilasma  Iiemiplicatay  Meekella  strUiiO'Costata^  &c.,  w^hile 
none  of  the  Permian  types  have  yet  been  fouud  here  I 

At  the  village  of  Peru,  five  miles  in  southeast  direction,  below  Otoe 
City,  about  a  quarter  to  a  half  mile  above  the  landing,  beds  of  light-colored 
limestone,  12  to  18  inches  iu  thickness,  crop  out  of  the  side  of  the  slope  90  to 
100  feet  above  high  water.  A  little  lower  some  loose  masses  of  limestone, 
that  have  apparently  slidden  from  the  beds  above,  have  been  dug  out 
for  building  purposes.  From  the  disiutregrated  limestone,  or  associated 
shaly  matter,  we  picked  up  loose,  many  specimens  of  Spirifer  (Martinia) 
planoconvej^uSj  8p,  camerattiSy  Productus  Kehrascensis^  P.  longispinuSj 
Aihyris  subtiUta^  Spiriferina  KentucJcermsy  Hemipranit^s  crassus^  Euom- 
phalu^  rugomiSy  &c.  Lower  in  the  hill  indications  of  red  clays  were  seen, 
though  not  well  exposed,  the  whole  hill  being  probably  composed  of  the 
same,  or  at  any  rate,  a  part  of  the  same,  beds  exposed  at  Otoe  City. 

Less  than  a  quarter  of  a  mile,  however,  below  the  village  of  Peru, 
there  is  an  abrui)t  exposure. of  yellowish  and  light-gray,  soft,  somewhat 
micaceous  sandstone,  with  large,  round  and  compressed  or  oval  concre- 
tions of  ai*euaceous  matter,  of  considerable  hardness.  There  are  also 
very  curious  irregularly  and  obliquely  arranged  seams  and  isolated 
masses  of  dark-bluish  shaJy  matter  and  clay.  These  appear  as  if  the 
sandstone  had  been  very  irregularly  eroded  in  places  during  its  deposi- 
tion, and  the  shaly  matter  deposited  in  the  depressions,  and  then  more 
sand  upon  it  agaiu.  Fragments  of  coal  were  also  seen  embedded  in  the 
sandstone,  along  with  stems  of  Calamites,  and  broken-up  leaves  of  ferns. 
The  sandstone  can  scarcely  be  said  to  be  stratified,  but  appears  massive 
with  the  exception  of  some  oblique  marks  of  deposition,  and  the  interca- 
lated seams  of  shaly  matter.  The  latter  are  not  continuous  for  any  dis- 
tance, but  often  end  verv  abruptly,  or  in  other  cases  become  much  at- 
tenuated, and  again  swell  out  to  a  foot  or  so.  in  thickness.  They  do  not 
appear  to  conform  to  the  bedding  of  the  sandstone,  but  cut  obliquely 
across  it  at  various  angles,  and  yet  their  laminated  structure,  and  frag- 
ments of  plants,  show  they  were  deposited  in  water.  This  exposure  of 
sandstone  rises  abruptly  from  the  edge  of  the  river  at  high  water,  to  an 
elevation  of  about  00  to  05  feet,  and  almost  certainly  holds  a  lower 
stratigraphical  position  than  the  outcrops  of  limestone  seen  90  to  100 
feet  above  the  Missouri,  a  short  distance  above  the  village.  Its  position 
is  doubtless  nearly  the  same  as  that  of  the  lower  part  of  the  Otoe  City 
section,  though  it  is  more  arenaceous  here,  and  i)erhaps  thicker.  Just 
over  it  some  red  clay  was  seen,  apparently  a  little  slidden  from  its  proper 
position. 

At  the  time  of  our  visit,  the  Missouri  being  high,  no  bed^  \i^\o^  >Mv& 
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sandstone  were  exposed  above  water.  Dr.  Owen,  however,  mentions 
seeing  beneath  evidently  the  same  bed,  either  here  or  near  here,  a 
black  bituminous  shale,  and  brown  encriuital  limestone. 

As  an  additional  evidence  that  this  sandstone  holds  a  lower  position 
in  the  series  than  the  limestones  mentioned  high  in  the  hill  above  the 
village,  we  may  mention  that  at  a  locality  about  two  and  a  half  miles 
west  of  south  from  here,  and  a  mile  or  so  back  from  the  river,  at  a  higher 
elevation  than  the  sandstone,  there  are  outcrops  of  light-colored  lime- 
stone agreeing  exactly  with  those  seen  cropping  out  in  the  hill  above 
the  village.  In  the  rubbish  thrown  out  at  a  quarry  in  these  beds,  we 
found  Spirifef  (Martinia)  planoconvexus^  Sp.  cameratus^  Chonetes  gran- 
nliferaj  Fkurapfwrus  sp.,  fragments  of  Myalina^  Pleurotomaria  sp.,  Bel- 
leroplwn  carhonaria^  B.  Montfortianmj  &c. 

At  Brown ville,  about  five  miles  below  Peru,  in  a  direction  east  of  south 
the  following  outcrops  were  seen : 

Sections  of  the  variom  beds  exposed  at  Brownville. 


No. 

Nature  of  strata. 

Thick- 
ness. 

14 

Loess  risiuer  back  with  the  slope  from  30  or  40  to 

Ft.  In. 
100    0 

13 

Dark-bluish,  ver>'  fine  unctuous  clay,  becoming  nearly  black  below,  and 
weathering  to  drab  color.     Aviculopecten  Whiteij    Spirifer  (Martinia) 
planc(mvtxu8f    Productus  perlenuiSy  small  PolyphemopaiSy  Pleurotomaria^ 
MacrocheiluSy  MgaHna  perattenuutaf  and  Nuculana  sp.     (Seems  to  be 
merely  the  remains  of  a  thicker  bed.) 

2    0 

12 

Yellowish-gray,  granular  or  snb-oolitio  limestone ;  massive,  but  showing 
a  disposition  to  divide  into  two  layers. 

3    0 

11 

Unexjiosed — ..•..^.- 

10    0 

10 

Whitish,  soft  areriUaceous  limestone,  6  to  8  inches  thick 

0    8 

9 

Red.  numle.  and  creenish  clavs ....... 

10    0 

8 

• 

Whitish  and  yellowish  impure  limestone,  rather  massive.     AUorisma 
suhcuneata,  stems  of  crinoids,  Bellcrophon  peiHsarinattUj  Productus  Sebras- 
censiSf  t&c. 

3   0 

7 

Pumle  clav - 

1    0 

a 

Soft,  whitish  limestone 

6    0 

5 

Bluish  clav - 

5    6 

4 

Black  shale  and  seams  impure  coal,  with  impressions  fern  loaves 

1    0 

3 

Blue  clav.  with  frainnouts  of  coal  and  iron  pvrit^s 

20    0 

2 

Black,  hard  rock,  with  cn''8tal8  calc  soar 

2?0 

1 

Soft,  yellowish  micaceous  sandstone,  with  irregular  seams  and. alternat- 
ing lamiuo)  of  black  and  greenish,  more  or  less  carbonaceous  jiud 
sandy  mat^irial,  with  fragments  of  coal.    Many  broken  leaves  of  ferns, 
pieces  of  Calamitm,  &c.     Xenropteris  hirsutaj  Neuropfcris  Loach'n  (iden- 
tified by  Professor  Les<iuereux),  and  Coprolitesof  some  Selachian  fish, 
as  determined  by  Professor  Agassiz. 

• 
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Of  the  lower  member  of  this  section  only  aboat  25  feet  were  exposed 
above  high  water  of  the  Missouri,  when  examined.  I  was  informed, 
however,  by  an  intelligent  gentleman  who  sunk  a  shaft  into  it  through 
several  of  the  overlying  beds,  that  they  penetrated  it  to  a  depth  of  57  feet 
without  passing  through  it.  Several  persons  also  stated  that  when  the 
Missouri  is  low,  branches  and  trunks  of  trees  are  seen  in  this  rock, 
which,  judging  from  their  descriptions,  are  jyTohahij  Lepidaderon  and 
SiffiUuria. 

This  is  doubtless  the  same  sandstone  seen  just  below  Peru,  about  five 
miles  in  a  direction  west  of  north  from  here.  If  so,  there  must  be  a 
moderate  dip  in  this  direction,  or  the  bed  is  not  so  thick,  as  it  only  rises 
at  this  place  about  25  feet  above  high  water,  while  its  summit  there 
was  65  feet  above  the  river,  and  there  must  be  3  or  4  feet  fall  in  the 
river  in  that  distance. 

Of  the  beds  filliug  the  interval  between  Nos.  1  and  4,  of  the  foregoing 
section,  I  only  saw  the  upper  part  of  No.  3,  but  they  were  descril^d  to 
us  and  their  thickness  given  by  the  gentleman  who  sunk  the  shaft 
already  mentioned,  through  them. 

^A  little  below  the  landing. at  Brownville,  and  not  more  than  100  yards 
in  a  southeast  direction  from  where  the  sandstone  No.  1  of  last  section 
is  seen,  showing  a  thickness  of  25  feet  above  high  water,  5  or  6  feet  of 
greenish  fine  arenaceous  clay  was  seen  at  the  base  of  the  hill,  not  more 
5ian  6  or  7  feet  above  the  level  of  the  river.  Above  this  greenish  clay, 
about  the  same  thickness  of  reddish-brown  clay  occurs.  Just  over  the 
latter  fragments  of  whitish  argillaceous  limestone  were  lying,  as  if  they 
had  slidden  down  from  a  decomposing  bed  of  the  same.  Among  these 
great  numbers  of  Fusulina  ^md  Chonites granulifera  were  found  loose; 
also  fragments.  Spirifer  cdnieratus^  Froductus  semireticulatus^  &c.  Above 
this  some  beds  of  red  clay,  and  in  parts  green,  are  imperfectly  exposed, 
and  still  higher,  or  about  50  feet  above  high  water  of  the  Missouri,  some 
thin  beds  of  whitish,  crumbling,  impure  limestone,  and  light-drab  clay 
are  imperfectly  exposed.  Among  the  loose  fragments  of  the  limestone 
were  found  Chonetes  granuli/era,  Productus  semireticulatm,  P.  longupinuSj 
P.  Nebrascensi8^  and  some  stems  of  crinoids.  Immediately  above  the 
crumbling  limestone  some  indications  of  a  thin  bed  of  black  shale  were 
observed,  while  the  remainder  of  the  hill  (some  60  to  70  feet  above)  seemed 
to  be  composed  entirely  of  Loess. 

It  is  probable  all  these  beds  of  clay  and  limestone  had  slidden  some 
from  their  proper  horizons,  a«  it  would  require  a  greater  dip  than  we 
have  reason  to  believe  exists  here,  to  bring  the  whole  of  the  25  feet  of 
sandstone  seen  above  high- water  mark,  just  above  the  Browu\alle  Land- 
ling,  beneath  the  base  of  the  hill  here,  only  about  100  yards  fiirther  down 
the  river. 

Between  one  and  two  miles  below  Brownville,  along  the  same  line  of 
bluffs,  the  following  exposures  were  seen : 

Section  one  and  a  half  miles  below  Brorcnville. 


;no. 

Nature  of  strata. 

Thick- 
ness. 

8 

Loess  Tisinir  back  with  the  slooc  froni  30  or40  to. .......'.  ......^. ...... 

Ft.  Tn. 
10    0 

7 

Bluish,  fine  clay,  a  few  inches  only  remaining;  apparently  same  as  No. 
13  at  Brownville. 

0    0 

6 

Yellowish,  granular  siih-ooUtic  limestone .\      Q  Y'ki 
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No. 


5 


Nature  of  strata. 


Ash-colored  clay,  with  whitish  calcareous  seams,  more  or  less  indurated, 
with  some  blue  and  red  clays  below.  * 


Yellowish-^ray,  impure,  sub-oolitic  limestone 2    0 


Thick- 
nes8. 


Ft.  In. 

S    0 


3 


Red  and  bluish  clavs 


Whitish,  impure  limestone.     ProdHctus    Prattenianua , 


Red,  bluish,  and  ash-colored  clays,  with  loose  fragments  of  whitish  lime- 
stone strewed  alon«?  the  upper  part  of  slope  from  the  bed  above ;  also 
loose  Prodnctunhnijispifnis  {f)y  P.  NehroHccnsis,  JSp.  caineratuH.  Near  base 
great  numbers  of  Choneies  granuUfcra ;  with  Myalina  suhqtmdrata^ 
Bellewphon  percarinatmj  &c.  Tiie  whole  of  this  bed  not  very  clearly 
exposed. 


10    0 


0  10 


43 


These  exposures  indicate  a  continuation  of  the  upper  part  of  the 
Brownville  section,  the  lower  sandstone  being  probably  maiulj-  below 
the  level  of  the  Missouri  here.  It  is  worthy  of  note  that  the  beds  4  and 
6  here  agree  exactly  in  structure,  color,  and  composition,  with  the  two 
layers  composing  No.  12  of  the  Brownville  section,  but  here  they  are 
separated  by  about  8  feet  of  clays,  represented  at  Brownville,  in  same 
position,  by  a  mere  seam,  which  is  at  other  places  wanting.  This  illus- 
trates the  chnnges  liable  to  occur  in  the  beds  of  tbese  rocks  in  compara- 
tively short  distances. 

At  Aspinwall.  seven  miles  below  Brownville,  in  a  direction  slightly 
east  of  south,  we  ha^l  an  opportunity  to  examine  various  outcroi)8,  from 
which  the  following  section  was  constructed : 

Sections  of  beds  exposed  at  AspimcalL 


No. 

• 

Nature  of  strata. 

Thick- 
ness. 

15 

IjOoss  varviiiif  in  tliicknosa  from  30  to.. •••....•..•.••••..•.... ..•.•.... 

Ft.  In. 

40    0 

14 

Grayish  and  drab  clays,  with  thin  seams  of  light-colored   calcareous 
matter. 

6    0 

13 


Massive,  rathor  hard,  yellowish  limestone.  Numerous  Myalina  pcrat- 
tvnnata;  also  AvicHlopecten  occidentaUsj  Hemipranitiss  eramus,  Allori^ma 
subciiveata,  Productus  NtbrascensiSj  Fdiuondia  AspinwalleimSj  Ftiomphulus 
rugotfus,  Nautilus  oceldeutaUSf  &c. 


3    0 


12 


11 


10 


Bluish  and  drab  clays,  with  one  or  more  G  to  8-inch  seams  soft,  grayish, 
impnre  limestone. 


20    0 


Yellowish  limestone 


1    6 


a.  niuish  clay,  5  feet 

h.  Red  clay,  5  feet 

c.  Bluish  laminated  clay.  3  feet 


9 


Bluish  and  whitisli  impure  limestone.  Productus  longispinus  (f),  Chonetes 
granuViftra^  Atln/ns  suhtilltay  Ilcmiprouitcs  crassus,  Spinfir  {Marthiia) 
jylanoconirxus,  Mi'dilla  HtriatO'Costata,  Productus pirtenms^  Productus  stmii- 
reiiculatus,  Sjyiriferiua  Kcutuclensis  and  a  tooth  of  Xysrtodus  {f)angu1aris. 


13    0 


4    0 
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No. 

Nature  of  strata. 

Thick- 
ness. 

8 

Coal 

Ft.  In. 
0    6 

1 
7 

Clay 

2    0 

^'""j  ••"• --••  •••-  •-•• •••.»■ *•*... ...* •••• ....«• ....•• .... ...... ...... 

6 

Blaish  indurated  clav  ....-• 

4    0 

1 
5 

4 

Hard,  bluish,  impure  limestone 

1    6 

Black  shale -. 

4    0 

3 

Coal 

1  10 

2 

Bluish  clay 

15    0 

1 

Sandstone,  above  low  water 

3    0 

Total  below  Loess 

78  10 

At  the  time  of  my  examination,  No.  1,  and  part  of  No.  2,  of  this  section 
were  concealed  by  high  water.  No.  3  was  seen  rather  imperfectly  a 
little  below  its  trae  horizon,  owing  to  the  slipping  of  a  part  of  the  out- 
crop from  undermining  by  the  river.  Nos.  4,  5, 6, 11,  and  12  were  more  or 
less  perfectly  exposed,  and  13  was  very  clearly  seen.  All  the  informa- 
tion in  regard  to  the  thickness,  order  of  succession,  &c.,  of  the  other 
beds  not  seen  by  me,  was  obtained  from  an  intelligent  miner  who  has 
made  various  excavations  into  the  hill,  and  stripped  oti'  the  loose  material 
at  places,  so  as  to  be  able  to  see  all  the  beds  in  their  proper  positions. 
Most  of  these  openings  were  covered  again  by  slides,  and  the  falling  in 
of  the  clay,  loose  rocks,  &c.,  at  the  time  of  my  visit.  The  fossils  from 
Xo.  9  were  found  in  fragments  of  the  rock  thrown  out  of  a  shallow 
shall. 

The  miner  working  here  says  all  these  beds  have  a  perceptible  dip 
ap  the  river,  north  or  northwest,  as  he  has  determined  by  sinking  a 
sbait  at  a  point  a  little  north  of  the  main  exposure,  and  he  thinks  the 
whole  section  passes  beneath  that  seen  at  Brownville.    The  dip,  how- 
ever, may  be  local,  as  the  beds  here  above  No.  8  appeared  to  me  very 
like  those  composing  the  imperfect  exposures  seen  a  short  distance 
below  Brownville.    He  says  the  bed  of  coal  No.  3  and  associated  rocks, 
agiee  exactly  with  those  seen  at  Clorinda,  Page  County,  Iowa,  where 
he  has  been  engaged  in  mining  coal. 

It  will  be  observed  that  this  bed  of  coal  is  the  thickest  one  yet  seen 
in  any  natural  exposure,  or  struck  in  any  of  the  shafts  or  borings  in 
these  rocks.  As  near  as  can  be  determined  from  specimens  taken  from 
the  rather  weathered  outcrop,  it  seems  to  be  of  good  quality,  and  prep- 
arations are  being  made  to  mine  it.  It  is  not  easy  to  determine  yeL 
whether  it  can  be  profitably  mined.  It  certainly  could  not,  I  should 
think,  in  a  district  where  thick(T  beds  are  accessible,  as  it  will  probably 
be  necessary  to  remove  most  of  the  overlying  rather  soft  black  shale  in 
working  it,  in  order  to  have  a  solid  roof  that  can  be  timbered  up, 
if  not  to  give  working  space.  Another  disadvantage  is  that  it  cannot  be 
conveniently  mined  at  the  outcrop  along  the  bluff,  owing  to  the  tendency 
of  all  the  beds  of  the  lower  part  of  the  section  to  slide  down,  in  conse- 
quence of  the  river  washing  away  the  soft  underlying  beda.  Cow^ft- 
quently,  they  will  hare  to  sink  a  shaft  70  to  80  feet  in  deptb,  baii^L  ttoici 
H.  Ex.  la 8 
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the  river  some  little  distance.  In  a  country  like  this,  however,  witii 
such  a  vast  area  of  fertile  soil,  capable  of  sustaining  a  dense  population, 
where  there  is  at  present  a  deficiency  of  wood,  it  is  probable  that  this  coaJ 
may  be  profitably  mined,  unless  better  and  more  extensive  beds  may  be 
found  within  workable  distances  by  sinking  deep  shafts  in  this  region, 
which  seems  doubtful. 

The  rocks  seen  here  at  Aspinwall  were  also,  like  those  at  Brownville, 
Peru,  and  other  localities  along  this  part  of  the  Missouri,  referred  bj 
Professor  Marcou  to  the  Permian  (=  Dyas),  but  upon  what  evidence 
he  does  not  say,  nor  is  it  apparent  to  any  one  who  regards  fossils  as  any 
guide  in  identifying  rocks,  as  those  found  here  consist  of  the  same  form^ 
constituting  the  group  so  often  mentioned  as  characterizing  the  Coal- 
Measures  of  the  Western  States. 

At  Arago,  about  fourteen  miles  southeast  from  Aspinwall,  I  saw  at  the 
base  of  the  hill,  near  12  feet  above  the  Missouri,  some  7  inches  of  yellow 
limestone,  containing  Productns  longispiniis.  and  a  small  Myalina;  and 
over  this  18  inches  of  hard,  compact  bluisli  limestone,  containing  Pro- 
dtictua  punctatus,  CJtoneteSj  Pinnaj  Untoliutn  aviculatum,  &c.  Above  the 
latter  some  bluish  clays  were  seen,  and  some  large  masses  of  impure 
bluish  limestone  that  had  slidden  from  a  higher  bed,  with  numerouB 
Fusulina^  were  lying  along  the  slope. 

Two  miles  above  Eulo,  and  some  six  or  seven  miles  in  a  direction 
east  of  south  from  Arago,  the  following  outcrop  was  examined : 

Section  two  miles  above  Rulo  on  the  Missouri, 


No. 

• 

Nature  of  strata. 

Thick- 
ness. 

7 

Loess  with  perhaps  some  Drift  seventy  to 

FLifL 
80    0 

6 

Massive  yoUow  limestone i 

5    0 

5 

Gray  and  yeUowish  impure  limestone  and  drab  clays 

4    6 

4 

Bluish  and  drab  arenaceous  clay  with  fossU  ferns.    Neuropteris  Urauta 
and  N,  LoachiL 

7    0 

3 

Coal 

0   6 

2 

Indurated  clay,  called  soapstone  by  the  miners.    (Not  seen) 

0    4 

1 

Bluish  laminated  sandstone,  very  soft,  with  thin  streaks  of  black,  and 
looking  very  much  bke  No.  1  of  the  Brownville  section. 

8    0 

I  did  not  see  the  whole  of  "No.  1  of  this  section,  it  being  partly  covered 
by  the  high  water  of  the  Missouri,  though  I  was  informed  by  a  miner  at 
work  in  a  drift  immediately  over  it,  that  he  had  seen  as  much  as  8  feet  of  it 
exposed.  The  whole  of  this  exposure  seemed  to  me  to  have  bodily  slipped 
a  little  below  its  true  horizon,  probably  from  the  washing  away  of  the 
soft  sandstone  beneath  by  the  river,  This  appearance  is  also  confirmed 
by  the  statements  of  the  miners,  who  informed  me  that  the  coal  ends 
and  all  the  beds  change  abruptly  at  the  end  of  the  drift,  40  to  50  feet  in. 
The  thickness,  composition,  and  order  of  succession  of  the  beds,  however, 
can  be  very  clearly  seen.    Of  course  any  attempt  to  mine  so  thin  a  seam 
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of  coal  by  drifting  in  and  removing  a  portion  of  the  clays  above,  will 
hardly  be  remunerative,  and  there  is  little  or  no  reason  for  believing  that 
it  will  be  found  materially  to  increase  in  thickness  farther  in  the  Mil. 

At  another  locality,  one  and  a  quarter  miles  south  of  Eulo,  and  at  an 
elevation  of  about  25  feet  above  high  water  of  the  Missouri,  a  shaft  and 
boring  were  sunk  to  a  depth  of  about  76  feet.  The  shaft  was  filled  with 
water  at  the  time  of  our  visit,  but  the  miner  who  sunk  it^  Mr.  St.  Louis, 
gave  the  following  statement  of  rocks  perforated : 

Shaft  and  boring  one  and  one-fourth  miles  south  ofRulo, 


No. 


1 

2 


Nature  of  strata  penetratied. 


Yellow  indarated  clay,  called  soapstone  by  the  miners 


Yellow  limestone 


Depth. 


Ft.    In. 
18       0 


0 


4 
5 

6 

7 


Blue  clay.  In  this  clay,  lying  near  the  shaft,  we  found  the  following  fos- 
sils :  BJumbapara  lepidodenaroides,  an  incnisting  species  of  FUtuUpora  ; 
Poljfpara  aubmarginatay  Hemipronitea  crasauSj  Productus  NebraacensiSy  P, 
Praitenianus,  Chonetes  granul^fera,  Syntrilaama  hemiplieatay  Spirifer  {Mar- 
tinia)  pUMOO(mvexu8y  Sp.  canuratusy  Nucula  (f )  sp.,  Pleurophorua  sp.,  Bel' 
lerophon  Kanaaaenaiaj  Bellerophan  sp.,  Natioapais  sp.,  PCeurotamaria  per- 
hmmeroatiy  and  several  undetermined  species  of  Murchiaonia. 


Hard,  gray  Umestone. 


12       0 


11 


0 
0 
0 
0 
0 


Blue  clay 


Limestone. 


Blue  clay  bored  into  below  the  limestone 


Total 


17 


3 


12 


76 


In  another  shaft,  sunk  only  about  30  yards  sonth  of  the  above,  and 
commencing  at  a  horizon  about  20  feet  lower,  we  were  informed  a  bed 
of  coal  16  inches  thick  was  struck  at  a  depth  of  17  feet.  It  seems  difficult 
to  account  for  this  bed  not  having  been  struck  in  the  other  shaft,  sunk 
80  near,  to  a  depth  of  76  feet.  The  miner  thought  that  it  was  to  be  ac- 
counted for  by  the  northern  dip  of  the  strata,  but  this  is  scarcely  possi- 
ble, as  no  evidence  whatever  of  such  high  inclination  of  the  strata  was 
observed  in  some  beds  of  yellow  Fusulina  limestone  seen  cropping  out 
of  the  slope  a  little  above  the  horizon  of  the  deeper  shaft,  though  there 
seems  to  be  good  evidence  of  a  moderat/C  northern  dip  here.  If  there 
was  no  mistake  in  all  the  facts  given,  there  is  probably  a  fault  here, 
though  it  may  be  the  case  that  the  disagreement  between  the  beds  ob- 
serve in  the  two  shafts  was  produced  by  a  sliding  down  of  some  of 
the  beds  f>enetrated  in  the  17-foot  shaft  at  some  distant  period,  when 
the  Nemaha  (in  the  valley  of  which  this  latter  shaft  was  sunk)  ran  close 
along  the  base  of  the  hill  at  this  place,  as  often  takes  place  in  these 
rocki. 

At  the  mouth  of  the  Great  Nemaha,  a  mile  or  two  farther  down  the 
Missouri,  Dr.  Hayden  saw  an  exposure  (the  same  mentioned  by  Dr. 
Owen)  of  soft  sandstone  rising  20  or  30  feet  above  the  river,  with  above 
it  a  thin  (5  or  6-inch)  seam  of  coal  connected  with  arensM^eovi^  ^\i^^^^ 
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containing  the  same  ferns  found  over  the  bed  of  coal  two  miles  above 
llnio,  and  at  Browiiville. 

The  elevation  of  this  coal  and  sandstone  here  above  the  Missoari 
shows  there  is  quite  a  perceptible  rising  of  the  strata  in  this  directioa, 
the  same  coal  being  only  about  8  feet  above  the  river  two  miles  above 
Kulo,  though  it  had  apparently  slidden  somewhat  below  its  true  horizon 
at  the  latter  place.  I  am  inclined  to  believe  this  sandstone  under  the 
coal  the  same  bed  seen  at  Peru  and  Brownville,  and  at  the  base  of  the 
section  at  Aspinwali,  though  it  may  be  another  holding  a  lower  position. 
If  it  is  the  same,  there  can  be  little  doubt  but  the  exposures  here  near 
Kulo  hold  a  position  in  the  series  above  the  horizon  of  the  Nebraska 
City  section.  On  these  points,  however,  more  detailed  examinations  than 
we  had  an  opportunity  to  make  are  desirable.  ' 

V^'^ith  the  completion  of  the  observations  here  in  the  vicinity  of  Rule, 
ended  our  examinations  of  the  rocks  seen  along  the  Missouri  in  Ne- 
braska, between  Omaha  City  and  the  southern  boundary  of  the  State. 
As  some  deep  borings,  however,  had  been  made  at  St.  Joseph,  Missouri, 
and  Atchison,  Kansas,  it  seemed  desimble  that  all  the  facts  revealed  by 
these  borings  should  be  noted  and  taken  into  consideration  in  connec- 
tion with  those  observed  along  the  Missouri  in  Nebmska  abov^e;  conse- 
quently these  two  places  were  visited  on  my  return  eastward. 

The  distance  between  Kulo,  in  the  southeast  corner  of  Nebraska,  and 
St.  Joseph,  in  Missouri,  is,  by  an  air  line,  about  thirty-three  miles,  the 
direction  from  the  former  to  the  latter  being  nearly  due  southeast. 
Along  this  interval  I  made  no  examinations,  though  it  is  evident  from 
the  observations  of  Dr.  Owen,  Professor  Swallow,  and  particularly 
those  of  Mr.  Broadhead,  that  Coal-Measure  rocks,  characterized  by  the 
same  fossils  already  so  often  mentioned,  form,  with  the  overlying  Loess, 
the  hills  bounding  the  Missouri  Valley,  as  above  llulo.  It  is  probable, 
however,  that  the  rise  of  the  strata  below  Kulo  brings  up  a  consider- 
able thickness  of  rocks  between  that  place  and  St.  Joseph  that  are  not 
seen  at  or  near  Kulo.  If  I  understand  Mr.  Broadhead's  section  cor- 
rectly, he  recognizes  about  700  feet  of  strata  alrogether,  as  rising  up 
between  the  sandstone  at  the  mouth  of  Great  Nemaha  and  St.  Joseph, 
Missouri.  From  his  description  of  these  rocks,  I  have  little  doubt  that 
they  include  the  whole  or  a  part  of  the  Nebraska  City  section,  and  all 
of  the  beds  bored  through  at  that  place,  composed  in  part  of  the  Rock 
Bluft*  and  Plattsmouth  sections  There  may,  however,  be  here  a  con- 
siderable thickness  of  intercalated  strata  not  represented  as  far  north 
as  Nebraska  City,  as  there  are  evidences  of  a  thickening  of  the  series 
toward  the  south.  The  fact  that  all  of  these  rocks  rise  up  from  beneath 
the  sandstone  at  Nemaha,  which  may  be  the  same  seen  at  Peini,  believed 
to  hold  a  higher  stratigraphical  position  at  least  than  the  division  C  at 
Nebraska  City,  favors  the  view  expressed,  while  the  few  fossils  men- 
tioned by  Mr.  Broadhead  in  these  rocks  at  least  show  them  to  belong 
mainly  to  the  same  Coal-Measures  series.  These  are,  FiiHulhm  cylindrical 
Cluet^es^  Hemipronites crassus^  JSyntrilasma  hemiplicata^  Ptoductim  Nebratt- 
censis^  P.  Praitenianus^  Athyris  subtUita^  Spiri/erina  Kenhtckensi^j  jMyalina 
subquadrata  and  Aviculopccten  carhonifcnis,  Mr.  Broadhead  used  dif- 
ferent, but  synonymous,  names  for  several  of  these  fossils. 

While  at  St.  Joseph  1  visited  a  place  about  one  mile,  a  little  west  of 
north  from  the  city,  where  a  shaft  had  been  sunk  (commencing,  i>er- 
haps,  some  70  or  80  feet  above  the  Missouri)  to  a  depth  of  about  100 
feet,  in  search  of  coal.  Judging  from  the  material  thrown  out,  for  more 
than  half  the  distance  it  had  penetrated  through  Loess,  of  which  there 
are  beuvy  deposits  here.    Beneath  this  they  struck  line,  rather  bright 
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»lae  indnrated  clay,  more  or  less  laminated,  and  shoeing  some  minnte 
pecks  of  mica  on  the  partings.  This  evidently  belongs  to  the  coal 
eries,  and  not  to  the  Drift  or  ]U)ess.  From  the  quantity  thrown  out,  it 
7as  probably  penetrated  to  a  depth  of  about  40  feet,  and  of  course  below 
he  level  of  the  Missouri,  without  passing  through  it,  or  striking  any 
oal  or  beds  of  limestone,  or  other  hard  rock. 

At  another  locality  two  miles  south  of  St.  Joseph  the  deep  boring,  to 
rhich  allusion  has  already  been  made,  was  sunk.  For  the  following 
tatement  of  the  various  beds  penetrated,  and  for  the  privilege  of  exam- 
ling  specimens  of  the  borings  from  most  of  the  beds,  I  am  under  obli- 
gations to  T.  B.  Weakley,  esq.,  of  St.  Joseph,  one  of  the  gentlemen  at 
rhose  expense  the  boring  was  made. 

'ecHon  of  a  baring  ttco  miUs  south  of  8L  Joseph^  60  feet  above  high  water 

of  the  Missouri. 


o. 


8 


9 


10 


LI 


12 


13 


14 


Nature  of  strata  penetrated. 


Loose  surface  material.    [Loess  and  soil] 


Blae  clay,  (with  specks  of  mica). 


Sandstone 


Soapstone.   [Indurated  clay] 


Limestone 


Soapstone.   [Indurated  clay] . 


Slate 


Coal 


Bituminous  shale 


Limestone 


Slate 


Limestone 


Black  slate 


Limestone 


15     Black  sbalo  or  slate 


16 
17 
18 


19 
20 


Limestone 


Slate 


Limestone 


Hard  soapstone.  [Indurated  clay]. 


Sandstone 


Depth. 


Ft.    In. 
21      0 


74      G 


16      0 


10      0 


V 


0 


2      0 


2      0 


—  1      2 


6      0 


5      0 


6      0 


2      0 


4      6 


5      6 


1      0 


14      0 


4      6 


3      0 


1      ^ 
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No. 


21 

23 
24 

2:> 

26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
31 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 


Nature  of  strata  penetrate. 


Soapstone.   [Indurated  clay] , 

Limestone 

-  ■  -■  ■  -^  II      ■■  ■         I  ■  ■  .  I  I.      ■ . 

Dark-bluish  slate 

Bluish-i^ray  limestone 

Slate  

Bituminous  sbale 

Blue  slate 

Limestone 

Slate  and  shale 

Light-gray  or  drab  limestone 

Grecm  slate 

Bluish  limestone  and  clays 

Coal 

Blue  soapstone.   [Indurated  clay] 

Bluish-gray  slate  or  iudurated  clay    

Ligbt-blaish  gray  and  darker  limestone  . 
Light-blue  soapstone.    [Indurated  clay]. 

Coal 

Light-drab  limestone 

Marble.     [Compact  limestone] 

Limestone 

Slate 

White  limestone , 

Blue  marley  clay , 

Bluish-drab  soapstone.     [Indurated  clay  J 

Slate 

Limestone 

Soapstone.     [Indurated  clay] 

Light-gray  limestone 

Total \ 


Depth. 


Ft    In. 

2  6 

4  9 

24  0 

12  0 

6  0 

1  6 

8  0 
4  0 

20  0 

6  0 
20  0 
40  0 

1  0 

3  8 

4  6 
16  6 

3  0 

2  0 

9  0 

4  0 

3  0 
2  6 
2  6 

14  0 

7  0 
38     0 


10     6 
15     0 


20     0 


496     7 
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The  bed  of  blue  clay  (No.  2  of  the  boring)  is  almost  certainly  the  same 
struck  in  the  shaft,  one  mile  above  St.  Joseph,  as  the  borings  from  it 
agree  well  with  the  clay  thrown  out  at  the  shaft.  It  is  probably  the 
most  extensive  bed  of  that  character  in  the  whole  series,  and  may  possi- 
bly represent  the  40-foot  bed,  No.  19,  called  "  blue  slate,"  in  the  Omaha 
boring. 

Between  St.  Joseph  and  Atchison,  Kansas,  I  had  no  opportunity  to 
make  any  examinations;  but  Mr.  Broadhead's  explorations  of  these 
rocks  along  the  Missouri  side  of  the  river  show  a  continuation  of  the 
same  great  series  of  Coal-Measures  without  any  workable  beds  of  coal. 
The  distance  between  these  two  places  is,  by  a  right  line,  about  seventeen 
miles,  and  the  direction  from  St.  Joseph  to  Atchison  very  nearly  due 
southwest. 

At  Atchison,  and  along  the  bluffs  between  there  and  "  lliverside,"  the 
residence  of  Mr.  George  Scarborough,  just  above  the  village  of  Sumner, 
and  three  miles  below  Atchison,  I  had  an  oi)portunity  to  make  out  very 
satisfactorily  (with  the  exception  of  one  unexposed  interval  of  17  feet)  a 
continuous  section  of  Coal-Measure  beds,  altogether  more  than  175  feet 
in  height  above  the  Missouri. 

During  my  examinations  here,  I  was  materially  aided  by  Mr.  Scar- 
borough, whose  taste  for  geological  and  botanical  investigations  had 
previously  led  him  to  explore  the  surrounding  country,  so  as  to  be  able 
to  direct  my  attention  to  the  best  exposures,  and  otherwise  to  assist 
me  in  making  out  the  following  section  of  the  rocks  at  this  locality. 

Sectian  of  the  rocks  exposed  at  Riverside^  Kansas,  and  along  the  river  bluff 

between  there  and  the  Atchison  Landing. 


No. 

Nature  of  strata. 

Thick- 
ness. 

22 

Slope,  probably  Loess,  to  the  sammit  of  highest  point,  known  as  Prospect 

Ft.    In. 
27      0 

21 

RoQgh,  yellowish  limestone,  splitting  into  thin  pieces  on  weathered  sur- 
faces ;  great  numbers  of  Fusulina, 

2      0 

20 

Blue  clav  below,  vello w  above ...............% 

2      0 

19 

Two  layers  yellowish-gray  limestone  with  18  inches  clay  between 

5      6 

18 

Ash-coloretl  clays  with  Chonetes  granuUfera v.. 

2      6 

17 

Black,  thinly  laminated  bituminous  shale - - 

2      6 

16 

Hard,  imniire.  vellowish-irrav  limestone 

2      0 

15 

Blue  clay 

6      0 

14 

Soft.  veUowish  limestone 

3      0 

13 

Grayish  limestone  weathering  to  yeUow,  in  two  layers,  upper  1  foot, 
lower  20  inches.    Fusulina. 

2      8 

12 

Bluish  and  ash-colored,  more  or  less  laminated  and  sandy  clays,  with 
near  the  top  a  ^incli  seam  of  impure  coal,  or  carbonaceous  matter. 

11      6 

1 
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No. 

Nature  of  strata. 

Thick- 
ness. 

11 

Yellowish  and  gray  or  bluish-gray  sandstone ;  some  parts  very  sofb,  but 
a  fow  layers  very  hard  and  breakins^  almost  like  quartzite ;  the  soft 
part  sometimes  laminated,  and  in  others  in  10  to  12  inch  layers. 

FL  In. 
23     0 

10 

UuezDOsed .--.. . 

17     0 

9 

Hard,  bluish-gray,  im  jure  limestone.     ProducHu  AebrascenBUf  P.  per- 
teniuSf  Chonetes  graniU\fera,  Aihyris  subtiUta, 

2     6 

8 

Unexnosed  snace 

21     0 

7 

Hard,  bluish-gray,  impure  limestone,  some  parts  argillaceous,  others  a 
little  arenaceous.    Productua  NtbroBcentiBy  P.  PratUnian%a,  Athyria  Buh- 
tuita. 

4     0 

6 

Bluish  laminated  clay,  with  near  the  top  two  or  three  hard  calcareous 
layers. 

5     0 

5 

Bluish  and  light-grayish  limestones,  weathering  to  yellowish,  in  irregu- 
lar layers,  with  thin  g^^ay  and  yellowish  partings.    Many  Fusnlinay 

Athyris  auhliUtaj  P.nna  peracata^  Amcula  longa,  AllorUma  subcuneatay 
SyntriUuma  hemiplivataf  HcJiizoduSj  and  teeth  of  Cladodus. 

16     0 

4 

Yellowish  and  drab  laminated  clays 

2     6 

3 

Black,  reirularlv  laminated  shale ...... ...... .... .......... ...... ...... 

2      6 

2 

Hard,  bluish-gray,  argillaceous  limestone,  weathering  to  yellowish  in 
places.    Fu8uHna  cylindrical  Hemipraniies  crasaua,  Chonetea  glabrOj  Pro- 

oocidentalia,  Belleropkon  cmsaaa,  &c. 

1    10 

1 

Bluish  and  drab -colored,  more  or  less  laminated,  clay,  with  near  the  top 
many  Chonetea  gratuUtfera ;  also  Myalinasp. 

42      0 

Total  Coal-Measures .. 

175      6 

Eight  or  ten  feet  of  No.  1  of  this  section  were  under  water  at  the  time 
the  examinations  were  made,  and  the  nature  of  that  part  was  learned 
from  Mr.  Scarborough  and  other  persons  at  Atchison.  At  the  Atchison 
Landing,  the  top  of  the  heavy  stratum  of  limestone.  No.  5,  which  forms 
a  well-marked  horizon,  is  a  little  more  than  &5  feet  above  high  water  of 
the  Missouri,  while  at  Mr.  Scarborough's  place,  (Riverside),  three  miles 
below  Atchison,  in  a  direction  east  of  south,  its  upper  layers  are  100 
feet  above  high  water.  Allowing  2  feet  for  the  slope  of  the  river  sur- 
face in  that  distance,  it  would  leave  a  difference  of  37  feet  in  the  actual 
elevation  of  the  various  corresponding  beds  at  Atchison  and  Riverside, 
showing  a  dip  here  to  the  northwestward  of  a  little  more  than  12  feet  to 
the  mile. 

At  first  I  was  unable  to  reconcile  this  with  the  boring  two  miles  below 
St.  Joseph,  at  which  point  it  seemed  probable  this  conspicuous  bed  of 
limestone  should  have  been  struck  in  the  boring  near  the  level  of  the 
Missouri.  On  reflecting^  however,  that  the  direction  from  Atchison  to 
the  locality  where  the  boring  below  St.  Joseph  was  made,  although  up 
the  river,  is  not  north,  but  a  little  east  of  northeast,  while  the  dip  of  the 


NEBRASKA  AND  PORTIONS  OP  ADJACENT  TERRITORIES.   121 

strata  here  is  northwest,  or  possibly  a  little  west  of  northwest,  it  will  be 
seen  that  the  heavy  bed  of  blue  clay  struck  in  the  St.  Joseph  boring,  at 
an  elevation  of  39  feet  above  the  Missouri,  almost  certainly  holds  a 
stratigraphical  position  a  little  below  the  horizon  of  the  IG-foot  bed  of 
limestone  mentioned  above.  This  conclusion  is  strengthened  by  the  oc- 
currence of  a  heavy  bed  of  bluish  and  drab  laminated  clay  beneath  the 
16-foot  bed  of  limestone  at  Atchison,  as  well  as  by  the  fact  that  another 
boring  at  Atchison,  commenced  22^  feet  above  high  water  of  the  Mis- 
souri, and  about  12  feet  below  the  above-mentioned  limestone,  after 
passing  through  15  feet  of  loose  earth  and  fragments  of  rock  (debris  of 
the  limestone  in  the  hill  above),  struck  shale,  or  laminated  clay,  and 
passed  through  a  thickness  of  II  feet  of  it.  The  "  conglomerate  rock," 
No.  3,  5  feet  in  thickness,  mentioned  in  the  memorandum  of  the  Atchi- 
son boring,  beneath  the  laminated  clay,  is  doubtless  the  same  sandstone. 
No.  3,  of  the  St.  Joseph  boring,  with  some  of  the  very  hard  concretions 
80  often  seen  in  the  sandstones  of  this  series.  The  want  of  exact  agree- 
ment of  thickness  and  composition  of  this  and  other  beds  penetrated,  is 
easily  accounted  for  by  the  changes  so  common  in  the  lithological  char- 
acters of  the  beds  composing  this  series,  and  the  different  methods  of 
grouping  the  subordinate  beds,  at  the  two  borings. 

For  the  following  statement  of  the  boring  at  Atchison,  1  am  under 
obligations  to  George  W.  Glick,  esq.,  of  Atchison,  the  president  of  the 
eompany  that  sunk  the  boring : 

Boring  at  Atchison,  Kansas,  comTnendng  22^  feet  above  high-water  mark  of 
the  Missouri ;  made  by  the  Atchison  Coal  Company,  1865-'G0. 


No. 

^        Nature  of  Btrata  penetrated. 

Depth. 

1 

Loose  earth  and  frainnents  of  rock 

Ft,    In, 
15      0 

2 

Sbale.  namiuated  clav^ - 

11      0 

3 

Concrlomerate  rock.  Fso  caUed  bv  the  'workmenl - 

5      0 

4 

Bitaminous  shale  with  a  little  coal 

19      0 

5 

Sandv  mixed  shale - 

82      0 

6 

Hard  limestone -.-.- 

8      0 

i 

Grav  sbale 

1      6 

8 

Sandstone,  verv  hard 

2      1 

9 

Sand  and  shale 

7      0 

10 

Shale,  clavev  and  sandv ...... ......  .....> .... .... 

27      0 

11 

Dnrlchmtrn  filftv.  with  RTnn.11  AAAm  of  aoaI  . 

8      0 

12 

Sandv  shale 

1      0 

13 

Grav  shale  with  sand-rock  at  bottom 

7      0 

14 

Bituminous  shale  .... ...". 

6      0 

15 

Hard  lime-rook . ..... .... ....... • .... .---.. 

21      0 

[ 

16 

Soapstone.  {InfUurated  clay] 

\-A      f^ 

\ 

i 


122 


UNITED   STATES   GEOLOGICAL   SUBVEY   OP 


No. 


17 


18 


19 


20 


21 


22 


23 


24 


25 


26 


27 


28 


29 


30 


31 


32 


33 


34 


35 


36 


37 


38 


39 


40 


41 


42 


43 


Nature  of  strata. 


Very  hard  rock. 


Shale  with  a  little  coal . 


Sandy  ironstone. 


Gray  shale. 


Lime- rock 


Shale. 


Lime-rock 


Gray  shale . 


Lime-rock 


Shale  with  coal 


Lime-rock 


Hard  lime-rock. 


Soapstone.   [  Indurated  clay  ] 


Lime-rock. 


Sandy  shale. 


Hard  lime-rock 


Sandy  shale. 


Sand-rock 


Hard  shale 


Sandstone 


Shale. 


Hard  rock. 


Shale. 


Lime-rock 


Shale,  (hard). 


Sand-rock 


Lime-rock 


Depth. 


It 

3 

in. 
0 

3 

0 

1 

6 

9 

0 

6 

5 

0 

1 

0 

4 

0 

2 

0 

1 

0 

3 

0 

10 

0 

2 

0 

4 

0 

2 

0 

0 

4 

2 

0 

5 

0 

3 

0 

0 

6 

10 

0 

1 

6 

3 

0 

2 

0 

4 

0 

0 

6 

4      6 


If  I  am  not  mistaken,  this  boring,  as  already  suggested,  commenced 
at  very  near  the  same  geological  horizon  as  that  at  St.  Joseph,  and,  as 
far  as  "it  went,  merely  explored,  at  least  in  i>art,  the  same  ground  as  that 
penetrated  at  St.  Joseph,  allowing  for  the  thinning  out  of  some  unim- 
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portant  beds,  and  the  thickening  or  change  in  the  composition  of  others. 
If  so,  the  money  expended  on  the  Atchison  boring  added  little  or  noth- 
ing to  the  information  developed  by  that  at  St.  Joseph.  If  it  is,  there- 
fore, desired  to  make  further  explorations  at  either  of  these  localities,  I 
would  advise  that  the  St.  Joseph  boring  be  carried  500  or  GOO  feet 
deeper,  and  if  a  workable  bed  of  coal  should  be  struck  there,  it  may 
reasonably  be  expected  to  exist  at  not  far  from  the  same  depth  beneath 
Atchison. 

Having  thus  given  a  somewhat  detailed  sketch  of  the  various  natural 
sections  of  these  rocks  seen  along  the  Missouri,  in  Nebraska,  below 
Omaha  City,  together  with  statements  of  the  thickness,  order  of  suc- 
cession, and  included  fossils  of  the  numerous  subordinate  beds,  along 
with  the  facts  revealed  by  the  several  shafts,  drifts,  borings,  and  other 
excavations  examined,  it  will  be  interesting  to  consider  the  vertical  range 
of  the  different  types  of  organic  remains  so  often  mentioned,  and  their 
relations  to  those  of  our  Carboniferous  rocks  elsewhere,  with  the  view  of 
throwing  some  light  upon  mooted  questions  respecting  the  age  of  some 
of  these  Nebraska  strata. 

In  order  to  facilitate  such  a  review  of  the  range  of  the  fossils  already 
mentioned  in  detail  in  their  proper  places  in  the  several  sections  given, 
the  following  tabular  list  of  all  the  species  has  been  prepared.  With 
regard  to  the  abbreviations,  Kans.,  Mo.,  lo.,  111.,  W.  Va.,  and  Ky.,  inserted 
in  the  columns  after  the  names,  it  is  perhaps  scarcely  necessary  to 
explain  that  th^  are  used  instead  of  the  names  of  the  several  States, 
Kansas,  Missouri,  Iowa,  Illinois,  West  Virginia,  and  Kentucky.* 

The  other  columns  designate  localities  in  Nebraska  at  which  the  vari- 
ous species  have  been  found.  For  the  species  found  at  Nebraska  City  two 
separate  columns  are  used,  to  show  which  forms  occur  in  the  division  B 
and  which  in  C,  the  line  of  separation  between  these  two  divisions  being 
more  strongly  marked  upon  paleontological  grounds  at  this  particular 
locality  than  others,  though  in  some  parts  of  the  West  the  fossils  of 
both  divisions  are,  with  few  exceptions,  known  to  range  through  the 
whole  series. 

As  it  would  be  inconvenient,  as  well  as  unnecessary,  for  the  proposed 
objects  of  comparison,  to  give  a  separate  column  for  each  of  the  numerous 
localities  at  which  the  fossils  enumerated  were  found,  only  a  fev^  of  the 
more  prominent  localities  are  thus  noted,  and  these  are  the  particular 
localities  at  which  the  outcrops  occur  that  have  been  by  Professors 
Marcou  and  Geinitz  referred  in  part  to  the  Lower  Carboniferous,  and  in 
part  to  the  Coal-Measures  and  Permian  (=  Dyas).  In  the  column  on 
the  right,  some  additional  localities  are  also  occasionally  noted,  and  of 
these  it  is  proi>er  to  remark  that  the  outcrops  at  Otoe  City,  Aspinwall, 
Brownville,  and  Peru  are  believed  to  hold  a  higher  position  in  the  series 
than  division  C,  at  Nebraska  City.  That  at  Otoe  City  was  so  regarded 
b3^  Professor  Marcou,  in  which  opinion  I  am,  as  elsewhere  stated,  in- 
clined to  agree  with  him,  and  there  are  equally  good  grounds  for  be- 
lieving the  beds  seen  at  I?eru,  Aspinwall,  and  Brownville  are  in  part 
or  entirely  upon  the  same  horizon,  or  very  near  it,  as  these  Otoe  City 
outcrops. 

*  The  comparatiyely  smaU  Damber  of  lUiDois,  Missouri,  Iowa,  Kansas,  and  Nebraska 
species,  noted  in  the  Kentucky  colnnin,  is  duo  to  the  fact  that  little  attention  was 
devoted,  during  the  progress  of  the  Kentucky  survey,  to  collecting  fossils.  So  far  as  the 
Coal-Measure  fossils  of  Kentucky  are  known,  however,  the  remains  of  both  animals 
and  plants  agree  very  closely  with  those  of  Illinois,  as  might  be  expected  from  the 
exact  correspondence  shown  by  Lesquereux  to  exist  between  the  vavioua  b^i&  <iQ\SL« 
posing  thifi  series  in  tbase  two  States, 
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The  Inseparable  linkiDg  together  of  all  of  these  Nebraska  rocks  nnder 
consideration,  by  their  organic  remains,  as  well  as  their  identity  with 
the  Upper  ToalMeasures  of  Iowa,  Illinois,  and  other  neighboring  States, 
is  so  clearly  exhibited  in  the  foregoing  list,  as  to  render  any  extended 
comments  upon  these  points  almost  unnecessary.  Some  concluding 
remarks,  however,  may  assist  in  making  these  facts  more  manifest  to 
those  who  may  not  have  the  time,  or  inclination,  fully  to  analyze  the 
list. 

In  the  first  place,  it  may  be  remarked,  that  as  Professor  Geinitz,  the 
paleontological  authority  to  whom  Professor  Marcou  submitted  his  col- 
lection, now  concedes  that  the  Rock  Bluff  and  Plattsmouth  sections 
(which  had  been  by  the  last- mentioned  author  referred  to  the  Permian) 
really  belong  to  the  Carboniferous,  the  only  questions  that  need  be  dis- 
cussed here  are,  whether  Professor  Geinitz  was  right  in  referring  the 
Plattsmouth  beds  to  the  Lower  Carboniferous  or  Mountain  limestone 
series,  instead  of  to  the  Upper  Coal-Measures,  as  he  correctly  referred  the 
llock  Bluff  section;  and  whether  or  not  he  and  Professor  Marcou  are 
right  in  placing  the  Wyoming  and  Nebraska  City  outcrops  on  a  parallel 
with  the  Permian  or  Dyas  of  Europe  I 

In  regard  to  the  first  question,  it  is  only  necessary  to  repeat,  that  out 
of  thirty-six  species  known  from  Plattsmouth,  twenty-five  (including 
millions  of  Fu^ulina\  as  may  be  seen  by  the  list,  also  occur  at  Rock 
Bluff;  while  the  remaining  eleven  Plattsmouth  species  not  yet  found  at 
Rock  Bluff,  with  one  or  two  exceptions,  may  all  (like  the  others)  be  seen 
to  occur  in  the  Upper  and  many  of  them  in  the  Lower  Coal-Measures  of 
Illinois,  Iowa,  and  other  neighboring  States.  In  addition  to  this,  of  all 
the  species  yet  known  from  both  of  these  localities,  only  some  four 
or  five  (and  these  are  forms,  m  this  country,  common  to  both  the  Coal- 
Measures  and  Lower  Carboniferous)  have  ever  been  here  found  at  any 
horizon  below  the  Millstone  grit.  It  is  true,  a  larger  proportion  than 
this  of  these  fovssils  agree  in  tlieir  affinities  with  European  Lower  Car- 
boniferous forms ;  but  the  fact  that  the  rocks  in  which  they  occur,  in 
Kansas,  shade  without  any  defined  physical  or  paleontological  break, 
into  the  Permian  above,  oM^/it  to  ^c  convincing  evidence  that  tbese  Platts- 
mouth beds  cannot  be  i)roperly  included  in  the  Lower  Carboniferous 
series.*  This  is  also  clearly  shown  by  tber  identity  with  the  Upper  Coal- 
Measure  beds  of  Iowa  and  Illinois,  which  in  the  latter  State,  can  be 
traced  without  interruption  southward  to  where  they  and  other  still 
Lower  Coal- Measure  strata,  containing,  along  with  most  of  the  same  ani- 
mal types,  the  remains  of  a  well-marked  Coal-Measure  floi*a,  rest  directly 
upon  extensive  deposits,  300  or  400  feet  in  thickness,  of  Millstone  grit; 
while  beneath  the  latter,  we  have  a  great  series  of  massive  limestones 
and  other  stratii,  corresponding  completely,  not  only  in  their  physical 
characters  and  position,  but  also  in  the  affinities  of  their  entire  group 
of  fossils,  with  the  Mountain  limestone  of  Europe. 

By  a  glance  at  the  foregoing  list,  it  will  also  be  seen  that  the  same 
reasoning  applies,  with  equal  force,  against  Professor  Marcou's  reference 
of  the  outcrops  above  the  mouth  of  Platte  River,  at  Bellevue  and  Omaha, 
to  the  Mountain  limestone ;  since  of  the  twenty-six  species  of  fossils 
now  known  from  these  localities,  twenty-four  are  the  common  forms  of 
our  Coal-Measures,  while  none  of  them,  excepting  a  few  that  are  well 

*  Since  this  was  written,  Dr.  White,  the  able  State  geolocist  of  Iowa,  has,  in  his  report, 
shown  in  the  clearest  manner  ])08sible,  by  sections  across  that  State  from  the  Mississippi 
Kiver  to  the  Missou-i  at  Plattsmouth,  that  the  rocks  alon<;  the  latter  stri^am,  at  and 
near  Plattsmouth,  really  belong  to  the  Coal-Mejisures,  and  that  there  ai*e  no  Lower 
Cai'boniibrous  rocks  there  within  one  thousand  feet  or  more  of  the  surface. 
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known  to  be  common  to  the  Coal-Measures  and  Lower  Carboniferous 
rocks  of  the  We«t,  have  ever  been  found  below  the  horizon  of  the  Mill- 
stone grit.     Indeed,  all  but  three  or  four  of  them  (which  are  themselves 
well-known  Ooal-Measure  species)  also  occur  in  the  Plattsmouth  beds, 
referred  by  Professor  Marcou  to  the  Lower  Dyas.    He  has,  it  is  true, 
made  an  effort  to  explain  away  this  latter  fact,  on  the  ground  that  most 
of  the  fossils  known  to  him  from  Omaha  and  Bellevue  are  Brachiopoda, 
which  he  thinks  cannot  be  relied  upon  in  the  identification  of  strata, 
owing  to  their  great  vertical  range.    We  now  know,  however,  from 
these  very  beds  at  Bellevue,  as  may  be  seen  by  the  foregoing  list,  the 
lamellibranchiate  genera,  and  Coal-Measure  species,  Myalina  subqtuid- 
rata^  and  Allorisma  subctineataj  both  of  which  occur  in  the  very  beds 
referred  by  him  elsewhere  to  the  L^pper  Dyas.    Again,  we  have  the  crus- 
tacean genus  and  Coal-Measure  species,  Phillipsia  major  of  Shuinard, 
both  from  these  so-called  Mountain  limestone  beds  of  Bellevue,  and 
from  the  so-called  Lower  Dyas  of  Plattsmouth.    Still  further,  we  have 
from  the  Bellevue  beds  the  well-known  vertebrate  Coal-Measure  species, 
Peripristis  aemicircularis,  which,  strangely  enough,  supposing  Professor 
Marcou  correct,  also  occurs  at  Nebraska  City  and  Bennett's  Mill,  in  the 
so-called  Upper  Dyas,  and  at  Rock  Bluff,  in  the  upper  part  of  the  so-called 
Lower  Dyas  (see  Plates  III  and  IV).    So  even  if  we  admit  that  the 
testimony  of  the  Brachiopoda  may  be,  in  some  cases,  less  reliable  than 
that  of  a  few  other  types,  we  cannot  ignore  it  when  directly  corroborated 
by  that  of  the  lamellibranchiates,  trilobites,  and  fishes.    I  can,  therefore, 
see  no  reason  whatever  for  separating  these  beds  from  the  Coal-Measures. 
We  come  now  to  consider  the  propriety  of  Professors  Marcou  and 
Geinitz's  reference  of  division  B  of  the  Nebraska  City  section,  and  at 
Wyoming  and  Bennett's  Mill,  to  the  Upper  Dyas,  or  more  properly  to 
the  Dyas  at  all.    As  shown  in  the  list  we  know  altogether  from  these 
beds  about  forty  species  of  fossils,  of  which  twenty,  or  one-half,  are  com- 
mon to  the  same  and   the  outcrops  above  Plattsmouth,  referred  by 
Pi-ofessor  Marcou  to  the  Mountain  limestone.    Thirty  of  them  also  occur 
in  the  Plattsmouth  and  Rock  Bluff  strata,  the  first  of  which  are  placed 
by  Professor  Geinitz  in  the  Lower  Carboniferous,  and  the  latter  in  the 
Upper  Coal-Measures;   while  thirty- seven  or  thirty  eight,  nearly  the 
whole,  consisting  of  Fmulina^  polyzoa,  corals,  crinoids,  brachiopods, 
lamellibranchiates,  trilobites,  and  fishes,  are  found  in  the  Upper,  and,  in 
part,  the  Low^er  Coal-Measures  of  Iowa,  Illinois,  and  other  neighboring 
States;  and  none  of  them,  excepting  a  very  few  forms  that  are  common 
to  our  Coal-Measures  and  Lower  Carboniferous  rocks,  have  ever  been 
found  in  the  latter  in  this  country'.    Hence  it  seems  to  me  clearly  mani- 
fest that  there  is  no  reliable  paleontological  evidence  for  separating 
these  beds  from  the  Upper  Coal-Measures.    The  only  fact  that  gives  the 
slightest  show  of  reason  for  such  a  conclusion  is  the  occurrence  in  them 
of  the  genera  Pseudomonotis  and  Synocladiay\vith  species  resembling  Per- 
mian forms  of  the  genera  Schizodus,  Pleurophorus,  Nuculanu,  &c.,  but  it  is 
exceedingly  doubtful  whether  any  of  even  these  fossils  are  specifically 
identical  with  any  known  Permian  form.    The  Sijnocladia  is  certainlj'  not 
80,  while  it,  and  all  the  others,  are  well  known  to  mnge  far  down  into 
miquestionable  Coal-Measures  of  the  West,  even  below  tlie  horizon  of  the 
rocks  referred  by  Professor  Marcou  to  the  Mountain  limestone  above 
Plattsmouth.    For  instance,  a  bed  of  limestone  at  near  the  level  of  the 
Missouri,  at  Leavenworth,  Kansas,  in  which  a  PseudomonotUj  nearly  allied 
to  P.  speluncarmj  is  known  to  occur,  has  been  by  Professor  Swallow, 
who  carries  the  line  between  the  Upper  Coal-Measures  and  Pet\nm\m 
that  State  several  hundred  feet  lower  than  any  others  iu  t\i\^  covxwU^^ 
JJ.  jEx.  19 9 
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these  are,  I  acknowledge,  very  similar  to  the  Permian  species  to  which 
he  has  referred  them,  while  the  fifth  seems  to  be  as  nearly  like  Pleuro- 
2)horn8  costatus.    To  these  we  may  perhaps  also  add  the  Schizodus  rep- 
resented by  fig.  2,  on  plate  X,  which  is  very  closely  allied  to  8.  obscum^ 
though  more  compressed.    The  fact,  however,  that  we  know  compara- 
tively little  of  the  hinges  and  interior  of  these  shells,  while  they  are 
mainly  such  types  as  usually  present  few  reliable  external  characters 
for  specific  distinction,  and  belong  for  the  most  part  to  genera  in  whicli 
species  are  frequently  very  similar,  must  weaken  our  confidence  in  these 
specific  identifications,  under  such  circumstances.    But  when  we  take 
into  consideration  the  fact  that  precisely  the  same  forms  are  found  in 
the  Western  States  far  down  in  beds  acknowledged  by  all  to  belong  to 
the  Coal -Measures,  and  which  have  even  at  some  places  be^n  referred 
by  Prof.  Marcou  to  the  Mountain  limestone,  and  especially  when  we 
bear  in  mind,  the  numerous  unquestionable  Carboniferous  species  with 
which  they  are  here  directly  associated  in  the  beds  under  consideration, 
the  impropriety  of  basing  important  conclusions  upon  them  must  be 
apparent. 

1  am  not,  however,  wishing  to  conceal  the  fact  that  several  of  the 
genera  found  in  these  supposed  Permian  rocks,  in  Nebraska,  and  their 
equivalents  in  Iowa,  Illinois,  &c.,  are  believed  to  be  generally  regarded 
as  not  in  Europe  dating  back  beyond  the  Permian  epoch.  But  in  con- 
sidering these,  we  must  not  overlook  the  other  genera  equally  charac- 
teristic of  the  Carboniferous,  found  in  the  very  same  rocks.  The  follow- 
ing lists  include  both  types  of  genera : 


A.   CARBONIFEROUS  GENERA. 

1.  Fusulina,  1  or  2  sp.  10.  PetaloduSy  1  sp. 

2.  LopliophtfUuMj  I  sp.  11.  Cladodusy  1  or  2  sp. 

3.  CampophyUaniyX  sp.  12.  PiTipriftiidy  1  sp. 

4.  EujxichijcrinuSj    1  sp.  13.  ChomatoduSy  1  sp. 

5.  Erlwcrinusy  1  sp.  14.  Xt/stroduSy  1  sp. 

6.  OrthiSy  1  sp.  15.  DeltoduSy  I  sp. 

7.  SolenoimSy  1  sp.  16.  AntUodus,  1  sp. 

8.  VrothyrUy  I  sp. 

9.  Phillqmay  2  sp. 


B.  GENERA  BELIEVED  NOT  TO 
DATE  BACK  OF  THE  PER- 
MIAN IN  EUROPE. 

1.  Siftiocladia,  1  sp. 

2.  AalostegeSy'*  1  sp. 

3.  PscudomonotiSy  2  sp. 

4.  Jviculopinnay  1  sp. 

5.  BakereUiay  1  sp. 

6.  PlacunopsiSyf  1  sp. 

7.  Limay  1  sp. 


It  will  thus  be  seen  that  while  we  have  in  the  whole  series  of  Upper 
Coal-Measures  and  Permo-carboniferous  rocks  of  Kansas,  NebrasKa, 
Iowa  and  Illinois,  seven  genera,  consisting  of  one  of  Polyzoa  and  five 
or  six  of  true  Mollmea^  that  have  not,  so  far  as  known  to  the  writer 
at  this  time,  been  found  in  Europe  at  any  horizon  below  the  Permian, 
and  two  of  these,  it  is  believed,  not  even  that  low  in  the  series  thercj  we 
lind  in  the  same  horizon,  and  for  the  most  part  directly  associated 
with  these,  sixteen  other  genera,  consisting  of  one  oi  Foraminifera^  two 
of  Corals,  two  of  Crinoidea^  three  of  Mollusca,^  one  of  Triloliites,  and 
seven  of  Fishes,  not  known  to  occur  anywhere  in  more  recent  rocks 
than  the  Carboniferous.  Seven  of  these,  however,  viz.,  JEri^ocrint^^ 
Eupachyerinus^  ProthyriSj  DeliodnSy  PerlprvttiSy  AntlioduSy  and  Xystrodus, 
being  new  genera,  it  might  be  supposed  ought  not  to  be  counted  agiiiust 
the  Permian.    But  it  is  w  orthy  of  note  that  even  the  typical  species  of 

*  Dr.  White  ba«  discovered  at  about  the  horizon  of  the  middle  of  the  llock  Bhiff 
section,  in  the  Upper  Coal-Measures  of  Iowa,  attached  to  the  coral  CampophylhiHy 
a  minute  Brachiopod,  apparently  possessing  the  characters  of  Aulostvffcs. 

t  A  species  presenting  at  least  all  the  external  characters  of  the  genua  Placunopfds, 
has  been  found  in  the  Upper  Coal-Measures  of  Illinois  (see  Proceed.  Chicago  Acad.  Sci. 
1,  March,  18<i6,  p.  13),  an(l  the  same  has  since  been  discovered  by  the  Geol.  Survey  of 
Ohio,  in  the  Lower  Coal-Measure*  <^f  the  latter  State. 

tThe  genus  lieUcrophoUy  of  which  we  have  four  or  five  species  in  these  rocks,  has  also, 
I  believe,  not  been  found  in  the  Permian  of  Europe,  tViow^Vi  o\x^  s^^ivis  ia  known  from 
tJie  Triaa  (St.  Cassian  beds). 
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the  genus  Erisocrinus,  occurs  at  Bellevue,  in  the  very  Coal-Measure  beds 
erroneously  referred,  by  Professor  Marcou,  to  the  Mountain  limestone, 
as  well  as  in  the  equivalent  Upper  Coal-Measure  beds  of  Illinois.  It  is 
also  certainly  represented  at  far  lower  horizons  by  several  lower  Carbo- 
niferous species,  two  of  which  occur  as  low  as  the  Burlington  limestone; 
while  the  only  other  known  species  of  Uupachycriniis  is  from  the  horizon  of 
the  Keokuk  group.  Again,  the  only  other  known  species  of  the  genus 
Prothyris  was  discovered  by  Professor  Winchell  in  the  very  oldest  member 
of  the  whole  Carboniferous  series  in  Michigan ;  and  of  the  nine  described 
species  of  AntlioduSy  and  seven  of  DeltoduSj  all  of  the  former,  and  all  but 
one  of  the  latter,  are  Lower  Carboniferous  forms,  which  is  also  the  horizon 
of  the  only  two  known  European  species  thought  by  Newberry  and 
AVorthen  probably  to  belong  to  Antliodus,  Again,  the-  only  known 
European  species,  believed  by  St.  John  to  belong  to  the  new  genera 
PeriprUtis  and  XystroduSj  are  Mountain  limestone  species,  one  of  which 
is  the  type  of  the  genus  Xystrodus,  The  genus  CJu>matodu8  is  likewise,  I 
believe,  essentially,  if  not  exclusively,  a  Mountain  limestone  group  in 
Europe.  At  any  rate,  of  the  ten  described  species  of  this  country,  nine 
are  firom  the  Lower  Carboniferous,  and  only  one  (an  Upper  Coal-Measure 
species  of  Illinois)  was  found  at  any  higher  horizon.  The  genus  Petalo- 
dm  seems  also  to  be  nearly  or  quite  confined  to  the  Mountain  limestone 
of  Europe,  though  two  or  three  species  are  known  from  the  Upper  Coal- 
Measures  of  Illinois,  Kansas,  Nebraska,  and  Pennsylvania.  Fmuliiui 
is  also,  I  believe,  usually  considered  in  Europe  mainly,  if  not  exclusively, 
a  Lower  Carboniferous  genus,  or  at  any  rate  one  not  ranging  into  the 
Permian. 

On  the  other  hand,  of  the  six  or  seven  genera  mentioned  in  the  fore- 
going list,  that  are  supposed  to  be  in  Europe  confined  to  the  Permian 
and  later  rocks  (none  of  which  types,  it  will  be  observed,  rank  even 
among  the  higher  lamellibrauchiate  Mollusca),  the  genus  Aviculopinna, 
as  may  be  seen  by  the  figures  and  description,  seems  to  be  closely  allied 
to  Professor  McCoy's  Carboniferous  and  older  genus  Pteronites.  Again, 
the  genus  Bakevellia,  although  most  generally  regarded  in  Western 
Europe  as  a  Permian  type,  is  said,  by  Eichwald,  also  to  occur  in  the  Car- 
boniferous of  Russia ;  and  it  seems,  also,  to  be  represented  in  Nova  Scotia, 
according  to  high  authority,  at  or  below  the  base  of  the  enormously 
developed  Coal-Measures  of  that  region.  And  almost  certainly  the  very 
species  of  Synocladia  alluded  to,  also  occurs  in  the  Chester  and  St. 
Louis  limestones  of  our  Lower  Carboniferous  series. 

So  it  is  evident  that  whether  we  look  at  the  species  or  the  genera  found 
in  the  rocks  under  consideration,  we  see  that  there  is  an  overwhelming 
weight  of  evidence  against  the  conclusion  that  they  represent  the  Per- 
mian of  the  Old  World.  Indeed,  looking  at  the  genera  of  animal 
remains  alone,  without  regard  to  the  plants  or  the  position  of  these 
beds  above  the  horizon  of  the  Millstone  giit  and  Mountain  limestone, 
and  by  taking  into  consideration  the  greater  weight  due  the  evidence  of 
such  highly  organized  types  as  Trilobites  and  Fishes,  it  would  not  be 
difficult  to  bring  forward  a  better  argument  in  favor  of  the  conclusion 
that  this  whole  series  belongs  to  the  horizon  of  the  European  Mountain 
limestone,  than  that  it  represents  the  Permian.  The  mingling,  however, 
of  the  few  Permian  types  mentioned  in  the  same  beds  with  the  numer- 
ous Carboniferous  forms,  already  enumerated,  through  a  considerable 
thickness  of  these  and  higher  strata,  together  with  the  physical  struc- 
ture of  our  entire  Carboniferous  system,  demonstrate,  it  seems  to  me,  as 
clearly  as  facts  can,  that  these  rocks  belong  to  the  Coal-Measut^^^  w\i^ 

that  here  we  have  no  abrupt  break  between  the  Carbouiferous  vxnOLY^t- 
mj3n. 
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BEMABKS  ON  THE  PROBABILITY  OF  FINDING  VALUABLE  BEDS  OF 
COAL  WITHIN  PROFITABLE  WORKING  DISTANCE  OF  THE  SURFACE 
IN  EASTERN  NEBRASKA. 

It  is  well  known  that  along  the  valley  of  Des  Moines  River,  and  some 
of  its  tributaries  in  Iowa,  75  to  100  miles  east  of  the  Missouri,  exten 
sive  and  valuable  beds  of  coal  exist.  Tbis  coal  is  of  good  quality,  in 
beds  varying  from  a  foot  or  so  to  7  feet  in  thickness,  and  is  regarded  by 
Dr.  White,  the  State  Geologist,  as  belonging  to  the  Lower  Coal  Measures. 
In  going  to  Nebraska  in  the  spring  of  18G7,  I  visited,  with  that  gentle- 
man, several  localities  where  these  Lower  Coal  Measure  rocks  are  seen^ 
and  as  the  facts  observed  there  have  a  bearing  on  the  coal  question  in 
Eastern  Nebraska,  a  few  remarks  on  these  Des  Moines  Valley  beds  are 
necessary  to  a  clear  understauding  of  what  will  follow  in  regard  to  coal 
in  Nebraska. 

Dr.  White  had  previously  thoroughly  exi)lored  this  region  and  the 
country  through  from  here  to  the  Missouri,  and  knew  all  the  localities 
where  the  best  exposures  are  to  be  seen,  and  I  am  under  great  obliga- 
tions to  him  for  conducting  me  through  from  Iowa  City  to  Nebraska 
City;  and  it  is  but  just  that  I  should  state  here,  that  all  the  facts  ob- 
served by  me,  in  the  geology  of  Iowa,  were  previously  known  by  him, 
and  have  been  published  in  an  interesting  x>aper  from  his  pen,  in  the 
American  Journal  of  Sciences  and  Arts,  vol.  XLIV,  1807,  and  subse- 
quently in  his  able  report  published  by  legislative  authority. 

The  Lower  and  Middle  Coal-Measures  of  the  Des  Moines  Valley  had 
also  been,  to  a  considerable  extent,  explored  by  Professor  A.  H.  Wortheu, 
when  connected  witb  a  former  survey  of  Iowa,  and  described  at  length 
in  the  report  of  that  survey,  published  in  1858.  They  consist  mainly  of 
sandstones,  shales,  coal,  and  some  thm,  impure  limestoues,  the  maximum 
thickness  of  the  whole,  in  this  region,  being  supjwsed  by  Dr.  White  to 
be  about  800  feet.  They  only  come  to  the  surface  in  the  region  of  the 
Des  Moines  Eiver,  and  northeast  of  there,  exce[)tiug  in  some  of  the 
deeper  valleys  somewhat  farther  west,  and  are  believed  by  Dr.  W^hiteto 
include  all  the  workable  beds  of  coal  in  the  State.  Although  in  sorae 
.  places  quite  fossiliferous,  they  are  generally  not  so  much  so  hei-e  as  the 
Ui)per  Coal-Measures  occui)y  ing  all  the  country  from  near  the  Des  Moines, 
westward  to  the  Missouri.*  As  there  is  no  Millstone  grit  here,  the  lower 
beds  in  this  region  rest  directly  down  upon  the  Lower  Carboniferous 
rocks. 

The  Upper  Coal-Measures  west  of  the  Des  Moines,  as  already  shown 
by  Dr.  White,  are  not  separable  from  the  Middle  series  by  any  i)hy8ieal 
or  abrupt  paleontological  break,  a  number  of  the  species  of  fossil  being 
common  to  both,  and  the  whole  having  here  a  uniform  and  slight  gen- 
eral dip  to  the  west  of  south. 

The  last  locality  at  which  we  saw  any  of  the  beds  of  the  Middle  series 
in  going  southwestward  from  the  Des  Moines  Valley  was  near  Winter- 
set,  Madison  County,  in  the  rather  deep  valley  of  Middle  River,  a  tribu- 
tary of  the  Des  Moines.  Here  we  saw  only  one  of  the  very  upper  beds 
of  the  Middle  series,  in  the  bottom  of  the  valley.  This  valley,  like  all  the 
others  in  this  region,  is  merely  one  of  ei-osion,  cut  down  to  a  depth  of 
perhaps  250  feet  below  the  common  elevation  of  the  country  by  the 


•  In  some  of  the  upper  beds  of  the  Middle  series,  however,  we  found  Spirifer  cameratM, 

Mortou,  S.  lineatuSy  8. planoconvejrusy  Shunianl.  Pt'oductiis  yebraaanvh,  Owen,   P.  Longinjn- 

vu8j  Sowerby  f ,  P.  Puuctatus^  Martin  (»/>.),  HctnipronitcH  crassiis,  M.  &    W.,    Choueta 

vu-soloba,  N.  &  P.,  together  with  Gfrvilla  longa,  Geiuitz  (a  true  Avicula)y  and  Avicuhpectcm 

oarboni/eru8  SteveDS  (  =  Fectcn  Hatcniy  GeinitzV 
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stream  now  flowing  in  it.  The  hills  on  each  side,  to  an  elevation  of 
about  220  feet,  or  perhaps  more  here,  are  composed  of  the  succeeding 
higher  series  of  the  Coal-Measures,  consisting  of  some  comparatively 
heavy  beds  of  light-yellowish  limestones,  with  bluish,  drab,  and  reddish 
clays,  and  sandy,  micaceous  shale,  some  black  laminated  shale,  and  a  few 
inches  of  impure  coal,  the  whole  being  overlaid  by  more  or  less  heavy 
deposits  of  Drift. 

In  this  Upper  series  of  Coal-Measures,  as  already  intimated,  only 
separated  as  a  matter  of  convenience,  and  not  by  any  natural  break  from 
the  Middle,  we  found  the  following  fossils,  nearly  or  quite  all  of  which 
had  been  previously  collected  here  by  Dr.  White:  Fusilina  cylindHca^ 
Rhombapara  and  fistulipora,  sp.,  Eocidaris  Hallij  Hemipronites  crassusj 
Meekella  HtriatocoHtata^  Productus  costatus  f ,  P.  Nehraacensu^  P.  Longispi- 
mw,  Spirifer  cameratus,  8.  plunoconvexus,  8.  UneatuSj  8piriferina  Ken- 
tuckensMj  Chonetes  Venieuiliana^  Athyris  suhtUita^  Terchratidxi  botndcnSj 
Retzia  punctuli/era,  Macrodon  tenuistriattiSj  Myalina  perattenuata^  M,  sxih- 
quadrata^  Aviculopecten  occidetitaliSj  Belleraphon  crassun^  and  an  undeter- 
mined Phillipsia.  Dr.  White  also  found  in  one  of  the  upper  limestones 
a  tooth  of  a  Cochliodiis. 

This,  it  will  be  seen,  is,  as  far  as  it  goes,  with  the  exception  of  one  or 
two  species,  almost  precisely  the  same  fauna  characterizing  the  Upper 
Coal  Measures  along  the  Missouri,  already  so  often  mentioned,  where  the 
whole  series,  however,  is  much  more  developed,  the  entire  thickness  of 
the  upper  series  here,  near  Winterset,  being  estimated  by  Dr.  White  as 
probably  not  exceeding  200  to  250  feet. 

On  ascending  from  this  valley,  we  saw  no  more  exposures  of  the  Middle 
series,  the  south  westward  inclination  of  the  strata  taking  these  beds  be- 
neath the  bottoms  of  the  deepest  valleys.  At  various  places,  however, 
south  of  there,  on  Grand  Eiver,  in  Union  County,  and  westward  to  the 
Missouri,  somewhat  above  Nebraska  City,  the  Upper  series  was  seen 
more  or  less  exposed,  and  readily  recognized  by  the  various  fossils  al- 
ready mentioned.  As  these  fossils,  however,  have  nearly  all  a  great 
vertical  range  in  this  Upper  series,  and  beds  at  different  horizons,  espe- 
cially in  Kansas  and  Nebraska,  where  these  rocks  are  greatly  developed, 
are  known  to  resemble  each  other  very  closely  in  lithological  charac- 
ters, it  is  not  easy  to  be  always  sure  of  the  exact  horizon  in  the  series, 
of  particular  beds  seen  at  different  localities.  Dr.  White,  however,  is 
quite  confident  that  he  can  clearly  identify'  the  subordinate  beds  of  most 
of  the  Winterset  exposure,  already  mentioned,  in  the  bluffs  of  the  Mis- 
souri, on  the  Iowa  side,  twelve  miles  northeast  of  Nebraska  City. 
Whether  these  beds  are  exactly  equivalent  or  not  with  those  at  Winter- 
set,  there  is  not  the  slightest  reason  for  doubting  that  they  belong  to  the 
same  Coal-Measure  series,  as  do  all  the  intervening  exposures  between 
these  two  localities. 

On  our  arrival  at  Nebraska  City,  parties  there  interested  in  sinking  a 
shaft,  at  Mr.  Morton's  farm,  one  and  three-fourth  miles  west  of  the  land- 
ing at  that  place,  in  search  of  coal,  knowing  that  we  had  been  exam- 
ining the  country  across  from  the  coal  region  of  the  Des  Moines  Valley 
to  the  Missouri,  naturally  wished  to  know  how  deep  we  thought  they 
would  probably  have  to  penetrate  to  find  coal.  After  taking  into  con- 
sideration the  gentle  dip  of  the  strata  from  the  outcrops  of  the  Lower 
productive  Coal  series  near  the  Des  Moines,  and  the  thickness  of  the 
Upper  nearly  or  quite  barren  series  at  Winterset,  Iowa,  and  making 
some  allowance  for  the  thickening  of  the  latter  in  a  westerly  or  south- 
westerly direction,  of  which  we  had  seen  some  evidence.  Dr.  WVute  ^vivSi 
the  writer  toJd  the  Hon,  J.  Sterling  Morton  that  we  thougVit  it  pomXA'Ck 
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the  productive  series  might  be  struck  within  about  500  feet  of  the  surface 
of  the  Missouri  Valley  at  Nebraska  City.  We  apprised  him,  however,  of 
the  hazard  and  unceitainty  generally  attending  such  mining  enterprises, 
and  advised  that  before  proceeding  farther  with  the  shaft  (at  that  time 
carried  to  a  depth  of  80  or  90  feet)  that  they  should  first  sink  an  artesian 
boring  COO  to  800  or  1,000  feet  if  coal  should  not  be  sooner  struck.  V^e 
were  not  at  that  time,  however,  nor  until  on  the  eve  of  starting  from 
Nebraska  City  for  Omaha  City,  aware  of  the  fact  that  a  boring  had 
already  been  sunk  in  the  Missouri  Valley,  a  short  distance  below 
Nebraska  City,  to  a  depth  of  about  344  feet  without  striking  any  work- 
able bed  of  coal. 

On  taking  this  important  fact,  and  others  observed  in  the  exposures 
seen  between  Nebraska  City  and  Omaha  City,  into  consideration, 
together  with  those  developed  by  the  borings  at  Omaha,  we  were  led  to 
the  conclusion  that  it  is  exceedingly  improbable  that  sufficiently  thick 
beds  of  coal  exist  at  Nebraska  City  within  profitable  working  distance 
of  the  surface.  As  we  came  back  from  Omaha,  a  few  weeks  later.  Dr. 
Hayden  and  I  called  to  advise  Mr.  Morton  to  suspend  work  on  the 
shaft,  and,  if  he  wished  to  make  further  exploration,  first  to  sink  Mr. 
Croxton's  boring  500  or  600  feet  deeper,  if  coal  should  not  be  sooner 
struck.  Mr.  Morton,  however,  was  not  at  home,  and  we  left  the  sug- 
gestions with  his  family.  After  my  return  to  Washington  I  also  wrote 
to  him  to  the  same  effect. 

Of  course  it  is  not  within  the  scope  of  human  wisdom  to  decide  posi- 
tively and  beyond  doubt,  by  any  means  short  of  actual  boring,  whether 
or  not  workable  beds  of  coal  could  be  struck  there  at  depths  that  could 
be  profitably  wrought.  The  weight  of  evidence,  however,  from  all  the 
facts  now  known,  is  undoubtedly  against  success  in  such  an  undertaking. 
Some  of  the  reasons  for  this  conclusion  are  stated  below. 

In  the  first  place,  although  some  facts  were  observed  indicating  a 
slight  northerly  or  northeasterly  inclination  of  the  strata  on  the  north 
side  of  Platte  River,  there  is  little  reason  to  doubt  that  the  boring  at 
Omaha  City,  about  thirteen  miles  farther  north,  penetrates  nearly,  if 
not  quite,  the  whole  400  feet,  into  lower  strata  than  those  forming  the 
Plattsmouth  section,  where  at  low  water  about  CO  feet  of  rocks  can  be 
examined  inch  by  inch,  and  certainly  contain  no  workable  coal.  From 
near  this  point  there  is  evidently  a  gentle  south  or  southeastward  dip,  so 
that  at  Kock  Bluff,  about  six  miles  by  a  right  line  in  a  direction  a  little 
east  of  south  from  Plattsmouth,  the  upper  part  of  the  section  at  the  latter 
place  is  brought  so  low  as  to  leave  little  room  to  doubt  that  in  these  two 
sections  we  have  an  opportunity  to  examine  in  detail  about  150  or  100  feet 
of  strata  (with  the  exception  of  a  few  feet  at  Rock  Bluff,  almost  certainly 
occupied  by  sandstone)  without  finding  any  coal. 

On  going  twelve  miles  farther  down  the  river,  in  a  neiirly  south  direc- 
tion, to  Wyoming,  we  find  the  wholeof  the  Rock  Bluff  section  has,  between 
these  points,  passed  beneath  the  level  of  the  Missouri,  so  that  here  at 
Wyoming  we  observe  a  low  exposure,  not  agreeing  with  any  part  of  the 
Rock  Bluff  section,  but  apparently  occupying  nearly  the  horizon  of  the 
lower  part,  or  divisions  A  and  B,  of  the  Nebraska  City  section.  It  is 
possible,  however,  that  there  may  be  40  or  50  feet  of  other  unexiK>sed 
strata  between  the  top  of  the  Rock  Bluff  section  and  the  Wyoming  out- 
crop. From  these  exposures  and  the  borings  at  Nebraska  City  and 
Omaha  City,  we  have  pretty  good  data  for  the  belief  that  there  are  no 
workable  beds  of  coal  beneath  the  Missouri  level  at  Nebraska  City  for  a 
depth  of  at  leaM  GOO  or  800  feet.  Consequently  the  Upi)er  barren 
measures  nlmost  certainly  thicken  much  more  rapidly  in  coming  south- 
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westward  from  Winterset,  Iowa,  than  bad  been  supposed.  Dr.  Wbite's 
nnmerous  local  sections,  bowevej:,  observed  at  various  points  west  and 
southwest  of  Wintcrset,  through  to  the  Missouri,  seem  to  show  very 
clearly  that  this  thickening  of  the  Upper  series  is  not  due  to  the  depo- 
sition of  newer  strata  upon  the  equivalents  of  those  seen  at  Winterset, 
but  to  a  thickening  of  the  same  beds  seen  there,  or  with  probably,  in 
part,  to  the  intercalation  of  other  similar  strata  between  or  beneath  the 
lower  members  of  the  same. 

At  Nebraska  City,  and  below  there,  at  Otoe  City,  Brownville,  and 
Aspinwall,  there  are,  perhaps,  altogether,  near  150  to  200  fe^it  of  addi- 
tional strata,  holding  probably  all  a  position  above  the  geological  horizon 
of  the  top  of  the  boring  at  Nebraska  City.  The  various  natural  expos- 
ures, shallow  shafts,  drifts,  and  other  excavations  in  these  beds,  show 
that  they  almost  certainly  contain  no  thicker  bed  of  coal  than  the  22-inch 
bed  aeen  at  Aspinwall;  so  that  these  beds  may,  altogether  or  in  part, 
also  be  added  to  the  entire  explored  thickness  of  strata  almost  cer- 
tainly without  any  seam  of  coal  thicker  than  that  cropping  out  at 
Aspinwall. 

Somewhere  below  Aspinwall,  a  gentle  dip  of  the  strata  to  the  north 
or  northwest  takes  place,  and  causes  lower  beds  to  rise  to  the  surface  as 
we  descend  the  Missouri  from  the  southeast  comer  of  the  State.  But, 
from  what  we  saw  ne^r  Rulo,  it  seems  rather  improbable  that  any  beds 
come  to  the  surface  between  that  place  and  St.  Joseph,  in  Missouri,  be- 
longing to  much  lower  geological  horizons  than  those  penetrated  by  the 
borings  at  Nebi'aska  City  and  Omaha,  though  it  is  possible  some  beds 
may  exist  there  not  represented  under  the  latter  places.  At  any  rate,  the 
observations  of  Mr.  Broadhead,  and  those  of  Dr.  Owen  aud  Professor 
Swallow,  along  the  Missouri,  render  it  exceedingly  improbable  that  any 
workable  beds  of  coal  exist  in  any  of  the  strata  holding  a  geological 
position  between  those  seen  at  Rulo  and  the  horizon  of  the  top  of  the 
boring  at  St.  Joseph,  in  Missouri.  And  as  the  boring  at  the  latter  place 
was  carried  to  a  depth  of  480  feet,  without  striking  a  workable  bed  of 
coal,  and  no  such  beds  crop  out  between  there  and  Atchison,  Kansas, 
while  none  such  were  struck  in  a  boring  at  the  latter  place,  extending 
to  a  depth  of  about  300  feet,  the  evidence  becomes  very  strong  that  we 
have  here  a  great  series  of  nearly  barren  Upper  measures,  containing 
no  beds  of  coal  of  more  than  about  2  feet  in  thickness.* 

It  is  worthy  of  note  in  this  connection,  that  Mr.  Broadhead  had  arrived 
at  the  same  conclusion  in  regard  to  the  Coal-Measures  of  northwestern 
Missouri,  from  the  examination  of  numerous  natural  exposures  before 
any  of  these  borings  had  been  made.  By  examining  a  paper  on  the  Coal- 
Measures  of  that  region,  published  by  him  in  the  Proceedings  of  the  St. 
Louis  Academy  of  Sciences  in  18G5,  it  will  be  seen  that  he  gives  a  con- 
tinuous section  of  beds  (with  some  unexposed  spaces)  of  nearly  2,000  feet, 
before  reaching  a  bed  of  coal  as  much  as  2^  feet  in  thickness;  all  of 
those  noted  above  being  from  a  few  inches  to  2  feet  in  thickness.  It  is 
quite  probable  that  all  the  numerous  thin  beds  and  seams  of  shale,  clay, 
limestone,  sandstone,  &c.,  composing  this  long  section,  are  not  always 
here  placed  by  him  in  their  exact  order  of  superi)Osition,  since  it  is  gener- 
ally impossible  to  see  more  than  comparatively  a  few  of  them  exposed  in 
any  one  natural  section,  while  it  is  very  difficult,  in  a  series  of  rocks  like 
this,  so  liable  to  change  their  lithological  characters  in  short  distances, 
to  be  always  right  in  identifying  the  same  beds  at  different  localities, 


*  Dr.  White's  observations  iu  Iowa  have  also  led  him  to  the  coi\c\\\ft\o\\  t\iv\\)  Wi^ 
Upper  and  most  of  the  Middle  Coal-AIeaiiures  of  that  State,  contain  no  \>CiCL  oi  co\j\  qI 
mone  than  t^o  feet  iu  thickness. 
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especially  as  most  of  their  fossils  hjive  a  ^eat  vertical  range.  There  is 
little  room  for  doubting,  however,  that  this  section  gives  a  good  general 
approximation  to  the  true  structure  of  the  series  in  that  region.  It  evi- 
dently includes  most,  if  not  all,  of  the  series  referred  by  Professor 
Marcou  and  Professor  Geinitz  to  the  Dyas,  Coal-Measures,  and  Mountain 
limestone;  also  the  Upper  and  some  of  the  Middle  Coal-Measures,  as 
well  as  probably  some  of  the  Lower  Permian,  of  Professor  Swallow's 
Kansas  section. 

There  are  a  few  leading  facts  that  ought  to  be  impressed  upon  the 
minds  of  those  who  mav  wish  to  seek  coal  in  Eastern  Nebraska.  The 
first  of  these  is,  that  the  exposed  rocks  here  belong  to  the  upper,  member 
of  the  great  coal  bearing  series,  and  that,  although  of  considerable 
thickness,  all  observations  and  experience,  not  only  here  in  Nebraska, 
but  also  in  Kansas,  Missouri,  and  Iowa,  as  .already  stated,  render  it 
almost  a  moral  certainty  that  this  Upper  series,  in  this  region,  contains 
none  but  thin  and  unreliable  beds  of  coaL  Consequently  if  good  work- 
able beds  exist  here,  it  may  be  regarded  as  a  nearly  settled  question 
that  they  lie  d^ep  beneath  the  level  of  the  lowest  valleys,  in  the  Lower 
or  Middle  Coal- Measures;  and  if  ever  made  av^ailable  it  must  be  by 
deep  shafts.  It  would  not  be  prudent,  however,  to  attempt  to  reach 
these  lower  beds  by  directly  sinking  shafts ;  the  proper  course  is  first  to 
demonstrate  their  existence  here,  and  their  depth,  by  artesian  borings. 

In  making  such  borings  here,  they  should,  of  course,  commence  in 
the  deepest  valleys.  It  ought  also  to  be  remembered,  that  it  is  simply 
throwing  away  money  to  make  two  or  more  such  borings  near  each 
other,  for  in  a  country  where  the  strata  are  so  slightly  inclined,  and  so 
free  from  faiUts  as  this,  a  single  boring  settles  the  question  for  or  against 
the  existence  of  coal,  to  the  depth  that  it  penetrates,  for  a  considerable 
area  of  the  surrounding  country ;  since  regular  workable  beds  of  coal 
are,  with  rare  exceptions,  not  confined  to  one  spot,  but  extend  with  the 
other  strata  for  more  or  less  considerable  distances.  Indeed,  it  is  very 
probable  that  one  boring  at  Omaha  City,  or  six  or  eight  miles  up 
Platte  Kiver,  wliere  the  rise  of  the  strata  would  give  a  somewhat  lower 
start,  and  another  somewhere  in  the  valley  of  the  Great  Nemaha,  if 
carried  to  a  depth  of  1,200  to  2,000  feet,  in  case  coal  should  not  be 
sooner  found,  would,  with  the  boring  already  made  at  Nebraska  City, 
and  the  numerous  natural  exposures  examined,  settle  the  question  in 
regard  to  the  existence  of  workable  beds  of  coal  within  accessible 
depths,  in  Eastern  Nebraska. 

Again,  it  ought  to  be  generally  known  that  money  or  labor  expended 
in  sinking  shafts  or  excavating  drifts  into  strata,  every  bed  and  seam  of 
which  may  be  examined  in  detail,  and  seen  to  be  barren  of  coal  in 
natural  exposures  in  the  immediate  vicinity,  will  be  certainly  without 
reward.  Much  hard  labor  has  also  been  squandered  in  Nebraska  by 
excavating  drifts  into  beds  of  black  shale,  with  the  delusive  hope  that 
if  followed  a  hundred  yards  or  so  into  a  hill,  they  may  be  found  to  change 
into  valuable  beds  of  coal.  Or,  in  thus  following  a  2  or  3-inch  seam  of 
coal,  expecting  it  to  be  found  much  thicker  farther  in.  Although  such 
a  result  is  not  always  certiiinly  beyond  the  range  of  possibilities^  it  may 
be  regarded  as  so  nearly  the  case  in  these  rocks  as  practically  to  amount 
to  about  the  same  thing.  Indeed  it  may  be  almost  taken  for  granted, 
from  the  numerous  sections  already  examined  inch  by  inch,  and  the 
facts  developed  by  the  borings,  shafts,  and  other  excavations  already 
made,  that  no  more  valuable  bed  of  coal  than  the  22-inch  bed  at  Aspin- 
wall,  will  ever  be  found  here  by  such  superficial  openings. 
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In  regard   to  finding  workable  beds  of  coal  within  accessible  depths 
in  Eastern  Nebraska  by  deep  borings,  I  would  remark,  in  conclusion, 
that  although  not  prepared  to  discouiafje  entirely  all  hope  of  success,  it 
is  proper  to  state  that  all  the  known  facts  are  unfavorable ;  not  only  on 
account  of  the  great  thickness  of  the  Upper  nearly  barren  series,  but 
because  it  is  by  no  means  certain  that  we  would  strike  the  productive 
measures  here,  even  after  going  entirely  through  the  Upper  nearly  bar- 
ren series,  since  the  lower  beds  may  thin  out  in  this  direction."  The 
great  importance,  however,  of  a  good  supply  of  coal  to  a  country  so 
rich  in  other  natural  resources,  and  at  present  so  scantily  supplied  with 
wood,  certainly  renders  it  desirable  that  some  of  the  borings  already 
commenced  should  be  sunk  to  greater  depths  before  abandoning  all 
hope  of  success.     That  at  Omaha  City,  for  instance,  which  probably 
starts  at  a  lower  geological  horizon  than  any  other  yet  commenced  in 
the  State,  should  be  at  least  continued  on  to  a  depth  of  1,000  to  2,000  or 
more  feet,  in  case  coal  should  tiot  be  sooner  found;  for  it  is  scarcely  pos- 
sible to  estimate,  at  this  time,  at  what  depths  it  might  be  profitable,  at 
some  future  time  if  not  at  present,  by  the  aid  of  improved  implements 
and  skill,  to  mine  coal  here,  directly  on  the  great  thoroughfare  of  trade 
and  travel  between  the  Atlantic  and  Pacific  shores.* 

•  This  report  was  prepared  between  three  and  four  years  back,  and  as  I  have  not 
since  visited  Nebraska,  I  am  at  this  time  (April,  1871)  unacqfiainted  with  any  of  the 
fhcts  bearing  on  the  question  in  i*elatiou  to  the  probability  of  finding  workable  beds  of 
coal  there,  that  more  recent  borings  or  other  oxj^lorations  may  have  brou;jfht  to  li|[;ht. 

As  some  persons  seem  to  be  surprised  that  it  should  be  thought  possible  to  mine  coal 
at  the  crreat  depth  of  2,000  feet,  it  may  not  be  out  of  place  to  mention  hei*e,  that  coal 
is  now  being  profitably  raiseil  in  England  from  the  enormous  depth  of  2,418  feet,  while 
some  of  the  best  English  mining  engineers  believe  that  within  20  years  it  wiU  be  there 
raised  from  shafts  3,000  feet  in  depth. 
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DESCRIPTIONS  OF  FOSSILS. 

PROTOZOA. 

FOEAMINIFERA. 
Genus  FUSULINA,  Fischer. 
FusuLiNA  CYLiNDKiCA,  Fischer. 
PL  I,  Fig.  2;  PL  II,  Fig.  1 ;  PL  Y,  Fig.  3,  a,  &;  and  PL  VH,  Fig.  8,  a,  6. 

Fuaulina  cylindrica,  Fischer,  1837,  Oryct.  Moscou,  p.  126,  PI.  18,  Figs.  1-5;  March, 
de  Vera,  and  Keys.,  1845,  Geol.  Rnss.,  11,  p.  16,  PL  1,  Fig.  1,  a,  &,  c,  d,  e;  Owen, 
1852,  Geol.  Survey  Wisconsin,  Iowa,  and  Minn.,  p.  131,  &c. ;  Meek  &  Hayden, 
1859,  Proceed.  Acad.  Nat.  Sci.,  Pbiladelpliia,  p.  24  ;  Dana,  1863,  Man.  Geo].,  p*.  164, 
Fig.  193;  Meek  «fc  Hayden,  1864,  Paleont.  Up.  Mo.,  p.  14.  PI.  1,  Fig  6,  a,  6,  c.  &c.; 
Meek,  1864,  Paleont.  California  I,  Part  I,  p.  4,  PI.  2,  Fig.  1 ;  Geinitz,  1866,  Carb. 
iiud  Dyas  in  Neb.,  p.  71,  Tab.  V,  Fig.  5. 

Shell  small,  fusiform  or  sub-cyliudrical,  more  or  less  ventricose  in  the 
middle,  somewhat  obtusely  pointed  at  the  extremities,  which  generally 
have  the  appearance  of  being  a  little  twisted.  Surface  smooth,  except- 
ing the  septal  furrows,  which  are  moderately  distinct,  more  or  less 
regular,  and  a  little  curved  as  they  approach  the  extremities.  Aper- 
ture apparently  linear,  and  not  visible  as  the  specimens  are  generally 
found.  Volutions  6  to  8,  closely  coiled,  the  spaces  (near  the  middle) 
being  rarely  more  than  twice  the  thickness  of  the  shell  waifs.  Septa 
from  20  to  about  33  in  the  last  or  outer  turn  of  adult  specimens,  coun^ 
ing  around  the  middle;  comparatively  straight  near  the  outer  walls, 
but  strongly  undulated  laterally  within ;  foramina  passing  through  the 
walls,  moderately  distinct  in  well-preserved  specimens — as  seen  under  a 
high  magnifying  power,  in  transverse  sections  near  the  middle  of  the 
shell,  somewhat  radiating,  and  numbering  in  the  outer  turn  of  a  medium- 
sized  specimen,  from  12  to  20  between  each  two  of  the  sepUi. 

Varying  considerably  in  size  and  form;  length  or  greater  diameter  of 
medium-sized  individuals,  0.27  inch ;  thickness,  or  shorter  diameter,  0.08 
inch. 

In  following  the  general  practice  of  referring  this  to  the  Eussian  spe- 
cies, I  am  not  only  governed  by  comparisons  with  figures  and  descrip- 
tions of  the  latter,  but  I  have  had  an  opportunity  to  make  direct  com- 
parison with  specimens  of  jP.  cylindrica  kindly  sent  to  me  by  Colonel 
Romanowski,  of  the  Eussian  mining-engineers's  department,  from  the 
Ural  Mountains.  It  is  true  these  Eussian  specimens  are  not  in  a  con- 
dition to  show  very  clearly  in  polished  sections  the  minute  details  of 
their  internal  structure  under  the  microscope,  but  so  far  as  I  have  been 
able  to  determine  from  the  comparison,  they  seem  to  agree  well  with  the 
American  form.* 

I  have  never  yet  seen  any  specimens  presenting  the  form  of  that  fig- 
ured by  Professor  Geinitz  under  Fischer's  name,  F.  compressa.  If  this 
compressed  bicarinate  appearance  is  not  due  to  accidental  pressure,  I 
should  think  it  a  distinct  species;  though  the  specimens  of  these  little 
foraminiferous  shells  have  often  been  subjected  to  various  accidents, 

•  I  was  interested  to  find  among  tbe  Russian  specimens  sent  by  Colonel  Romanowski, 
the  globose  species  of  Fuaulina  described  by  me  in  the  California  report,  from  the  Car- 
boniferous rocks  of  that  State,  under  the  name  F,  rohusta,  with  which  the  Russian 
authoritiea  had  correctly  identified  it.     ^ 
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and  besides  they  vary  so  much  naturally,  tbat  the  separation  of  the  spe- 
cies is  generally  attended  with  great  difficulty. 

Locality  and  position, — One  of  the  specimens  figured  is  from  a  locality 
two  and  a  half  miles  west  of  Nebraska  City ;  it  also  occurs  at  Bennett's 
Mill,  Wyoming,  &c.,  all  in  beds  referred  by  Professor  Marcou  and  Pro- 
fessor Gfeinitz  to  division  B  of  the  lower  part  of  their  Upper  Dyas:  like- 
wise at  a  higher  position  one  mile  southeast  of  (or  below)  Nebraska  City, 
ind  at  lower  positions  in*  the  Coal-Measure  on  the  Missouri,  at  Eock 
BJufT,  Plattsmouth^  Bellevue,  Omaha  City,  &c.  In  short,  it  ranges  all 
hrongh  the  Coal-Measures,  and  is  widely  distributed  in  the  Western 
itates  and  Territories. 

RABIATA. 

POLYPI. 

Genus  KHOMBOPOEA,  Meek. 

Small  ramose  corals,  with  non-septate,  short  tubular  cells,  radiating 
bUquely  outward  and  upward  on  all  sides  from  an  imaginary  axis ; 
ell-months  rhombic  or  rhombic-oval,  and  very  regularly  arranged  in 
)ngitudinal  and  oblique  spiral  rows,  the  former  of  which  are  sometimes 
eparated  by  more  or  less  flexuous  longitudinal  ridges;  interspaces 
isoally  rather  thick,  and  not  pierced  by  transverse  pores,  but  occupied 
►y  very  minute  non-septate  longitudinal  cells  that  are  closed  and  repre- 
ented  at  the  surface  by  minute  granules  or  spinules. 

Type,  Ehombopora  lepidodendroides^  Meek. 

The  little  corals  comix)sing  this  group  are  closely  allied  to  some  of 
hcse  included  by  Professor  Hall  in  his  genus  Trematopora^  if  not  really 
longeneric  with  a  part  of  the  same.  They  differ,  however,  from  the 
ypical  species  of  that  group,  such  as  T.  tuberculosa^  in  not  having  the 
nterspaces  between  the  cells  septate,  but  occupied  by  very  minute  tubes 
>r  pores  (closed  at  the  surface),  as  well  as  in  the  rhombic  form,  and  very 
•egular  arrangement  of  the  cell-mouths.  Trematopora  aspera,  Hall,  has 
nuch  the  external  aspect  of  our  genus,  excepting  in  its  elongate  oval 
nstead  of  rhombic  cell-mouths. 

MiUepora  rhombifera^  Phillips,  Vinculuria  omata^  Eichwald,  and  Fa- 
xmtes  serialise  Portlock,  may,  with  much  confidence,  be  included  in  this 
irenns.  The  species  of  this  group  with  which  I  am  acquainted  are  from 
he  Carboniferous  rocks,  through  the  whole  of  which  the  genus  ranges, 
md  I  susi^ect  that  it  is  also  represented  in  the  Devonian  and  Silurian. 
S^one  of  the  species  I  have  yet  seen  seem  to  be  incrusting  or  have  hollow 
nbnlar  stems,  but  there  may  be  such  among  the  undescribed  species. 
Although  some  species  of  this  genus  have  been  referred  to  Goldfuss' 
^nus  Vifwuluria,  they  are  widely  removed  from  the  typical  Cretaceous 
jpecies  of  that  genus. 

Ehombopora  lepidodendroides.  Meek, 

PI.  y II,  Fig.  2,  a,  ft,  c,  dy  e,  /. 

Stenopora  columnaris  (para)^  Geinitz,  1866,  Carb.  unci  Dyas  in  Neb.,  p.  66;  (not  Schloth. 
1813). 

Eamose,  slender,  cylindrical  or  slightly  compressed,  and  bifurcating  at 
•egular,  distJint  intervals;  divisions  nearly  straight  between  tVi^ "poVwt^ 
)f  bifurcation^  where  they  diverge  at  angles  of  about  70^  to  SO^  •,  wm- 
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posed  of  small,  short,  nearly  round,  tapering  tubes,  that  ascend  from 
an  imaginary  axis,  obliquely  outward,  with  more  or  less  curve  to  the  sur- 
face, near  which  they  are  separated  by  interspaces,  which  in  cross-sec- 
tions show  the  minute  cellular  structure ;  calices  arranged  very  regularly 
in  quincunx,  so  as  to  form  vertical  and  oblique  rows ;  distinctly  rhombic 
at  the  surface,  where  their  margins  are  roughened  by  small,  promiuent, 
node-like  grains,  placed  one  at  each  corner,  with  smaller  granules  along 
the  edges  between. 

Entire  size  unknown ;  thickness  of  one  of  the  largest  branches,  0.07 
inch ;  length  between  bifurcations,  0.40  inch ;  number  of  calices  in  0.20 
inch,  measuring  longitudinally,  12;  number  of  calices  in  0.05  inch, 
measuring  in  the  direction  of  the  oblique  rows,  4. 

The  rhombic  form  of  the  cell-mouths,  and  their  very  regular  arrange- 
ment, are  often  well  marked  in  this  species.  These  characters,  however, 
and  the  granules  along  their  margins,  are  only  to  be  seen  in  well-pre- 
served specimens,  for  when  slightly  worn  the  granules  are  removed,  and 
the  angular  character  of  the  calices  becomes  nearly  obsolete.  When  the 
surface  is  ground  a  little  obliquely,  the  calices  present  an  oval  outline,  as 
seen  in  Fig.  2  e,  of  Plate  VII,  while  the  thin  interspaces  present  a  cellular 
structure,  as  if  occupied  by  minute  vertical  cells;  one  of  these  cells  is 
hirger  than  the  others  between  the  eiids  of  the  calices  and  seems  to 
correspond  to  the  larger  grainlike  node  between  the  ends  of  each  two  of 
the  calices.  In  longitudinal  sections  I  have  been  entirely  unable  to  detect 
transverse  plat-es  in  the  calices  or  interspaces.  In  old  specimens  the 
cell- walls  seem  to  have  become  proportionally  thicker  and  the  cells  con- 
sequently smaller. 

As  this  is  the  only  little  coral  we  found  in  division  C,  at  Nebraska 
City,  among  extensive  collections,  I  am  led  to  think  it  must  be  one  of 
those  referred  by  Professor  Geinitz  to  Sfenopora  columnaris  of  Schlo^ 
heim.  However  that  may  be,  I  have  no  doubt,  after  a  careful  compari- 
son with  ramose  specimens  sent  under  the  latter  name  from  Posneck, 
Thuringia,  that  the  Nebraska  fossil  is  clearly  distinct.  In  the  first  place, 
it  differs  in  the  regular  rhombic  form  of  the  apertures  of  its  well-pre- 
served calices,  and  in  tbe  uniform  arrangement  of  a  larger  granule  at  each 
of  their  corners,  and  one  or  more  rows  of  very  minute  ones  along  each 
margin  between.  The  specimens  of  iS.  columnaris  mentioned  above, 
have  granulated  margins  to  the  calices;  but  these  grains  are  irregu- 
larly arranged,  while  the  calices  themselves  never  present  the  rhombic 
outline  seen  in  our  fossil,  but  are  always  oval  at  the  surface. 

In  division  B,  at  Nebraska  City,  the  coral  under  consideration  is  often 
almost  completely  covered  by  the  following  described  incrusting  species. 
As  Professor  Geinitz  includes  under  the  one  species  IStenopora  colum- 
naris both  incrusting  and  ramose  forms,  it  is  probable  he  included  this 
as  one  of  the  varieties  of  that  species.  But  Edwards  and  Haime  con- 
sider the  species  columnaris  as  peculiarly  an  incrusting  coral.  At  any 
rate,  the  species  here  described  differs  so  materially  from  that  incrusting 
it,  that  tbe  two  can  be  distinguished  almost  at  a  glance  by  external  char- 
acters alone,  while  internally,  also,  they  seem  to  me  to  present  structural 
differences  of  generic  importance.  These  differences  are  so  readily  seen 
in  the  figures  as  to  render  any  detailed  comparisons  unnecessary. 

Locality  and  position, — Division  C,  of  Nebraska  City  section;  also 
in  division  B  of  the  same  at  that  place,  where,  as  above  stated,  it  is 
generally  incrusted  with  another  coral.  It  likewise  occurs  in  the  latter 
horizon  at  Bennett's  Mill,  Wyoming,  &c.,  and  at  lower  horizons  in  the 
Upper  Coal-Measures  at  Eock  Bluff*,  and  Plattsmouth,  as  well  as  at  various 
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itions  in  the  Upper  Coal-Measures  of  J^ebraska,  Kansas,  Iowa,  Mis- 
ri,  and  Illinois. 

Genus  FISTULIPORA,  McCoy. 

I 

FiSTULIPORA  NODULIFERA,  Meek. 

PI.  V,  Fig.  6,  a,  by  c,  d, 

wra  oolumnaris  Geinitz,  1866,  Carbonf.  und  Dyas  in  Nebraska,  p.  83;   (not  8, 
columnaris,  Schoth.,  sp. 

»rallum  inerusting  crinoid  columns,  small  branching  corals,  and 
r  objects,  so  as  often  to  assume  cylindrical,  irregular,  or  false  ramose 
s ;  surface  more  or  less  nodulous,  but  without  granules  or  spinules; 
nouths  circular,  small,  or  generally  less  than  0.01  inch  in  diameter, 
when  not  wornj  with  prominent  smooth  margins,  generally  directed 
tie  obliquely  outward  from  the  centers  of  the  prominences  on  the 
r;  interspaces  usually  slightly  less  than  or  about  equal  to  the  diam- 
af  the  cell-mouths,  but  sometimes  (particularly  on  the  prominences) 
r;  composed  of  from  one  to  three  ranges  of  minute  vesicles,  usually 
t.lft  wider  than  high,  and  separated  by  very  thin  diaphragms  j  dia- 
gms  of  principal  cells  not  seen. 

lis  coral  is  quite  common  through  most  of  the  Coal-Measures  of  the 
t.  It  often  incrusts  crinoid  columns,  and,  wherever  associated  with 
nore  delicate  little  coral  for  which  I  have  proposed  the  name -RAowfto- 
lepidodendraidesj  it  incrusts  the  slender  stems  and  branches  of  that 
ies  so  completely  as  entirely  to  conceal  the  latter,  and  thus  to  ap- 
as  if  it  were  itself  ramose.  Transverse  or  longitudinal  sections,  how- 
,  reveal  the  little  stems,  with  an  entirely  different  structure  within, 
ve  seen  no  examples  of  it  ramose,  however,  where  not  thus  modi- 
by  the  very  distinct  coral  upon  which  it  so  often  grows. 
3an  scarcely  doubt  that  this  is  one  of  the  species  referred  to  Steno- 
columnaris  by  Professor  Geiuitz,  as  it  is  common  in  the  same  beds, 
at  the  same  localities  from  which  he  cites  that  species,  some  of  the 
s  of  which  it  nearly  resembles  in  general  appearance,  as  well  as  in 
lode  of  growth.  I  cannot  believe,  however,  that  it  is  nearly  allied 
lat  species,  because  it  shows  no  traces  whatever,  on  perfectly  pre- 
3d  specimens,  of  the  granules  or  spinules  of  the  interspaces,  char- 
•izing  the  forms  included  by  Professor  Geinitz  in  Schlotheim's  spe- 
where  well  preserved.  On  the  contrary,  it  seems  to  me  to  have 
structure  of  Fistulipora  of  McCoy;  while  the  European  forms 
red  by  Professor  Geinitz  to  the  species  columnaris  are  thought  to 
ig,  in  part  at  least,  to  the  genus  Labechiaj  by  Edwards  and  Haime. 
nong  the  described  species  of  Fistulipora^  this  coral  seems  to  agree 
.  nearly,  in  the  size  of  its  cell- tubes  and  the  structure  of  its  interme- 
)  vesicular  tissue,  with  F.  minor  of  McCoy.  Still  its  cell-mouths  are 
ler  and  more  closely  arranged,  there  being  from  six  to  seven  in  the 
3  of  one  line,  while  in  Professor  McCoy's  species,  four  occupy  the 
I  space.  It  also  never  appears  to  grow  to  the  thickness  of  that 
es,  and  consequently  has  much  shorter  tubes.  The  nodes  or  prom- 
jes  of  it?  surface  are  comparatively  large,  like  those  seen  on  Mo7iti' 
yra,  d'Orbigney,  and  on  these  the  cell-mouths  are  most  widely  sep- 
d,  and  usually  directed  slightly  outward  from  the  middle  of  each 
in  which  case  the  upper  margin  or  lip  of  each  cell  is  slightly  more 
ineat  than  the  other. 
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I  do  not  know  that  this  nodose  character  has  been  observed  in  the 
genus  Fistulipora,  and  hence  the  coral  under  consideration  would  seem 
to  differ  from  the  typical  species  of  that  genus  about  as  Monticulipora^ii 
fers  from  Gluetetes.  These  nodes,  however,  are  not  always  developed, 
and  seem  to  have  no  regular  arrangement.  Sometimes  they  seem  to  be 
merely  represented  by  slightly  more  scattering  spaces  of  cell-mouths, 
without  any  elevation. 

Locality  and  position, — ^Nebraska  City^  Bennet's  Mill,  and  Wyoming, 
from  bed  B  of  the  Nebraska  Oity  section.  It  also  occurs  at  various 
other  localities  and  positions  in  the  Coal-Measures  of  Nebmska,  Iowa, 
Illinois,  and  other  Western  States. 

Genus  SYRINGOPOR A,  Goldfuss. 
Syringopora  multattenuata,  McOhesney. 
PI.  1,  Fig.  5  a,  hj  c,  d, 

Syringopora  muli^tienuata^  McChesney,  1860,  Descriptions  New  Paleozoic  Fossils,  p.  75; 
also  18(:5,  PI.  2,  Fig.  4,  a,  b,  illustrations  of  same. 

Corallum  forming  large  masses;  corallites  cylindrical,  long,  slender, 
flexuous,  more  or  less  radiating,  varying  in  their  distance  apart  from 
once  or  twice  their  own  breadth  to  close  contact ;  connecting  tubes 
numerous,  slender,  transverse,  irregularly  distant,  but  generally  rather 
close ;  epitheca  thick  and  rather  strongly  wrinkled.  Septa  unknown ; 
tabulsB  very  obliquely  and  irregularly  arranged. 

Size  of  corallum  unknown,  but  fragments  indicate  a  diameter  of  5  to 
7  inches.  The  diameters  of  the  corallites  are  quite  uniform,  and  aboat 
0.07  to  0.08  inch.  They  are  rarely  more  than  twice  their  own  diameter 
apart,  and  often  so  closely  compacted  together  a«  to  become  more  or 
less  angular,  in  which  cases  the  connecting  tubes  are  of  course  obsolete, 
but  connecting  openings  take  their  places.  In  these  compact  examples, 
when  the  corallum  is  broken  parallel  to  the  corallites,  these  little  trans- 
verse openings  gi  ve  it  almost  the  appearance  of  a  Favorites.  This  species 
seems  to  be  related  to  8.  geniculata^  Phillips,  but  differs  in  having  the 
corallites  often  closely  compacted,  and  perhaps  generally  slightly 
smaller. 

Locality  and  position. — Four  miles  up  Platte  River,  north  side,  in  the 
Upper  Coal-Measures ;  it  is  also  common  at  the  same  horizon  in  Illinois, 
eight  miles  south  of  Springfield. 

Genus  LOPHOPHYLLUM,  Edwards  &  Haime. 

LoPHOPHYLLTOi  PROLiFEBUivi,  McChesuey,  (sp). 

PI.  Y,  Fig.  4  a,  b. 

Cyatharonia  prolifcra,  McChesney,  1860,  De«cr.  New  Pal.  Foss.,  p.  75 ;  also  1865,  Fig.  1. 

PI.  2,  illustrations  Bame. 
Cyaihaxonia,  sp.  Geinitz,  1866,  Carb.  unci  Dyas in  Neb., pp.  65  and  66,  Tab.  V,  Figs.  3  and  4. 

Comp.  C.  ioriuom,  Michelin,  1846,  Icon.  Zooph.,  p.  258,  PI.  59,  Fig.  8. 

Corallum  elongate-conical,  more  or  less  curved,  or  sometimes  nearly 
straight,  tapering  to  a  pointed  base;  epitheca  very  thin,  with  more  or 
less  distinct  encircling  wrinkles  and  striae  of  growth,  crossed  by  longi- 
tudinal striae  •,  rarely  sending  otf  a  few  spines  near  the  base.  Calice 
nearly  or  quite  circular,  moderately  deep ;  columella  prominent^  com- 
pact in  texture,  compressed  above,  with  its  longer  axis  coincidenc 
with  the  general  ciirve  of  the  corallum ;  septa  from  about/  '"^^  to  50,  every 
alternate  one  generally  considerably  shorter  than  the  others,  which  latter 
extend  to  the  columella,  near  which  they  ai*e  sometimes  a  little  tortuous. 
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The  largest  of  the  specimens  from  which  the  foregoing  description 
vas  drawn  up  is  about  0.82  inch  in  length,  and  0.42  inch  in  breadth  at 
the  larger  end ;  the  species,  however,  sometimes  attains  quite  double 
this  length. 

rhave  not  seen  specimens  of  this  species  showing  the  septal  fossula 

very  clearly.    Those  from  Nebraska  are  generally  broken  and  distorted, 

but  on  comparison  with  examples  from  the  Coal-Measures  of  Illinois, 

they  are  found  to  agree  well  in  all  their  known  characters.    By  exam- 

iDiDg  longitudinal  sections,  I  have  ascertained  that  there  are  in  this 

coral  rather  distant  tabulse  or  plates,  extending  outward  with  a  strong 

downward  curve  from  the  columella,  and  hence  that  it  does  not  even 

belong  to  the  family  Cyathaxonidcdy  but  seems  to  agree  well  with  Lopho- 

phyllum. 

Professor  Geinitz  compares  this  species  to  Cyathaxonia  tortuosa  of 
Michelin,  from  the  Carboniferous  rocks  of  Tournay,  to  which  it  seems 
to  be  very  similar  in  external  characters;  but  if  that  species  is  a  Cya- 
thaxonidj  of  ex)urse  the  form  under  consideration  must  be  widely  different. 
Locality  and  position. — ^The  specimens  described  are  from  division  B 
of  the  Nebraska  City  section.  Professor  Geinitz  also  figures  it  from 
division  C  of  the  same  section,  and  it  occurs  at  Rock  Bluff,  Nebraska ; 
and  at  Springfield,  Lasalle,  and  numerous  other  localities  in  the  Coal- 
Measures  of  Illinois,  as  well  as  in  the  adjoining  States,  and  Texas. 

Genus  CAMPOPHYLLUM,  Edwards  &  Haime. 

Campophyllum  torquium,  Owen,  sp. 

PI.  1,  Fig.  1,  a,  6,  c,  d. 

CyaAophyllum  vermicularef,  Owen,  1852,  Report  Geol.  Survey  Wisconsin,  Iowa,  and  Min- 
nesota, p.  133,  PL  IV,  Fig.  2  J  (not  Goldfuss,  1826). 

Heiuosumfj  Owen,  1852,  lb.,  Fig.  3,  a,  ft;  (not  C.  (Madrepora)  flexuosum,  Linn., 

1767,  nor  tfoldfiiss,  1826). 

torquiumf  Owen,  1852,  lb.,  explan.  PI.  IV,  Fig.  2. 

Corallum  simple,  attaining  a  rather  large  size,  elongate-conical,  and 
often  variously  geniculated  or  bent  when  two  or  three  inches  in  length, 
but  becoming  nearly  straight,  subcylindrical,  and  considerably  elongated 
in  the  larger  half  of  adult  individuals.  Epitheca  thin,  with  small  en- 
circling wrinkles  and  strong  undulations  of  growth,  showing  no  traces 
of  septal  cost®  when  unabraded,  but,  where  even  slightly  worn,  expos- 
ing the  regularly  disposed  septa.,  and  thin  intervening  dissepiments  dis- 
tinctly. Calice  circular  or  slightly  oval,  comparatively  shallow,  with 
thin  margins,  from  which  its  sides  slope  rather  steeply  inward  for  some- 
distance,  and  then  descend  very  abruptly  into  a  deeper,  narrow,  central 
depression ;  provided  at  the  outer  side  of  the  general  curve  of  the  cor- 
allum with  a  moderately  distinct  septal  fossula^  formed  by  the  shorten- 
ing of  one  of  the  primary  septa,  and  the  bending  down  of  the  tabulaB 
at  that  point.  Principal  septa  from  30  to  48,  extending  from  about  one- 
half  to  two- thirds  of  the  distance  from  the  exterior  toward  the  center,. 
stout  and  usually  nearly  straight  inside  of  the  vesicular  outer  zone,  but 
becoming  distinctly  more  attenuated  (as  seen  in  transverse  sections) 
and  somewhat  curved  or  a  little  flexuous  in  crossing  the  vesicular 
area,  where  they  alternate  with  an  equal  number  of  very  short,  thin  ones; 
tabulae  .very  wide  or  occupying  about  two-thirds  of  the  entire  breadth, 
as  seen  in  longitudinal  sections,  and  passing  nearly  horizontally  across, 
with  a  more  or  less  upward  arching :  dissepiments  thin  and  forming 
Dumerous  obliquely  ascending,  small  vesicles,  in  transverse  sections 
Been  to  pass  across  betweos  the  coated  with  an  outward  curve. 
H.  Ex.  19 10 
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Entire  length  unknown,  but  individuals  incomplete  at  both  extremi- 
ties, 5  inches  in  length  and  1.60  inches  in  breadth,  have  been  met  with. 
These  were  probably  not  less  than  7  or  8  inches  in  length  when  entire. 
Individuals  of  this  size  show  at  the  thickest  part  9  cost®  in  a  space  of 
0.50  inch. 

Young  tortuous  individuals  of  this  coral  were  referred  by  Dr.  Owen 
with  doubt  to  Cyathophyllum  tortuosum^  Goldfuss,  and  large  straighter 
fragments  of  adult  specimens,  from  the  same  beds,  were  doubtfully  re- 
ferred by  him  to  0.  vermiculare  of  Goldfuss.  After  a  careful  examina- 
tion, however,  of  a  large  number  of  specimens,  I  am  led  to  the  conclu- 
sion that  they  have  the  same  Internal  structure,  and  really  belong  to  one 
species.  Although  the  large  straigbter  specimens  resemble  quite  nearly 
in  their  general  appearance  Goldfuss'  figure  of  (7.  vennumlare^  they 
are  found  to  differ  widely  in  their  internal  structure,  C,  t?erm?c«7are  hav- 
ing from  G4  to  100  septa,  the  larger  of  which  extend  in  to  the  center. 
In  the  same  way  the  smaller  flexuous  specimens  resemble  C  Jiexuosum 
of  Goldfuss,  with  which  they  agree,  more  nearly  in  internal  structure. 
They  differ,  however,  in  having  the  tabulae  much  more  closely  crowded, 
and  arching  upward,  or,  in  other  words,  curved  downward  on  each  side, 
as  seen  in  longitudinal  sections. 

In  some  respects  our  coral  seems  nearly  related  to  Caninia  suh-ibicim 
of  McCoy  (as  illustrated  in  his  Brit.  Pal.  Foss.,  PI.  3  I,  Figs.  35, 35  a),  but 
it  has  not  near  so  many  septa,  that  species  having  as  many  as  about  130 
in  the  4iwo  series. 

Locality  and  position. — Very  abundant  in  beds  11  and  12  of  the  Rock- 
bluff  section ;  also  common  at  about  the  same  horizon  at  Cedar  Bluflf. 
Dr.  White  likewise  finds  it  near  this  horizon  in  the  Coal-Measures  of 
Iowa;  and  it  also  occurs  in  the  Coal-Measures  of  Illinois. 

ECHINODERMATA. 
Genus  ERISOCRINUS,  Meek  &  Worthen.  * 
Erisocrinus  typus,  M.  &  W. 
PI.  1,  Fig.  3,  a,  h. 

Erisocrinus  typus,  Meek  &  WorthcD,  1865,  Am.  Jour.  Sci.,  Vol.  XXIX,  p.  174  ;  also  1866, 

Geol.  Kep.  111.,  Vol.  II.  p.  317,  Fig.  33. 
Philocrinus  pelris,  Meek  &  Worthen,  1865,  Am.  Jour.  Sci.,  Vol.  XXIX,  p.  350. 
Erisocrinus  Nebrascends,  Meek  &. Worthen,  March,  1865,  ib.,  p.  174. 

Body  below  the  summit  of  the  first  radials,  basin  shaped,  rounded 
Fig.  1.  below,  and  obscurely  subpentagonal  in  outline 

as  seen  from  above  or  below ;  composed  of  thick, 
smooth,  slightly  convex  plates.  Basal  pieces 
small,  occupying  a  shallow  concavity  of  the  un- 
derside, about  half  hidden  by  thecolumn,  all  pent- 
agonal in  external  form.  Subradial  pieces  con- 
siderably larger  tban  the  basal,  and  all  equally 
hexagonal  in  form.  First  radial  pieces  four  or 
five  times  as  large  as  the  subradials,  wider  than 
long,  e<iual,  and  all  pentagonal ;  sui)porting  upon 
their  broadly  and  evenly  truncated  superior 
Eriwcrintis  ////)?/'».— Show- sides  the  sccond  primary  radials,  which  are  of 
ing  the  structure  of  the  body  upjjriy  ^hc  Same  size  and  form  as  the  first,  but 

faralB  indusive  (Fi^rn^^^^^^  their  sloping  sidcs  abovo  instead  of  below, 
niinois  State  Geological  Re-  while  they  each  support  above,  two  first  bra- 
port.)  chials,  or  a  series  of  secondary  radials  yet  un- 
knowD.    Surface  smooth. 
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Breadth  of  body  below  the  summit  of  the  first  primary  radials,  0.72 
inch ;  height  of  same,  0.35  inch. 

From  the  slightly  larger  proportional  size  of  the  subradial  pieces,  I 
was  at  one  time  led  to  believe  this  specifically  distinct  from  the  Illinois 
specimens  upon  which  the  genus  and  species  E.  typm  were  founded. 
Further  comparisons  of  additional  specimens  from  t.he  original  locality 
Dear  Springfield,  however,  showed  clearly  that  no  separation  could  be 
made  on  this  character. 

When  Professor  Marcou  announced,  some  time  back,  that  he  had 
found  a  crinoid  at  Nebraska  City,  nearly  related  to  EncrinuSj  T  very 
naturally  supposed  he  alluded  to  the  form  here  under  consideration, 
knowing  it  to  be  not  unfrequently  met  with  in  these  rocks  in  Nebraska, 
as  well  as  in  Illinois ;  while  its  body,  below  the  summit  of  the  first 
radial  pieces,  has  almost  exactly  the  structure  of  the  corresponding 
parts  of  Encrinus,  excepting  that  it  has  a  well-developed  series  of  basal 
pieces  within  the  series  usually  regarded  as  basals  in  Encrinus.^  It  was 
not  until  the  publication  of  Professor  Geinitz's  memoir,  in  which  the 
form  alluded  to  by  Professor  Marcou  was  figured,  that  I  was  aware  the 
species  mentioned  by  him  is  one  more  widely  removed  from  Encrinu^,  by 
having  a  large,  well-developed  anal  piece  resting  down  upon  one  of  the 
first  subradials,  a  character  modifying  the  whole  structure  of  the  parts 
of  the  body  above. 

The  form  mentioned  by  Professor  Marcou,  and  figured  by  Professor 
Geiuitz  (Poteriocrinus  hemuphcerictiSy  Shumard),  Zeacrinm  mucrospinusj 
McChesney,  and  that  here  under  consideration,  as  well  as  perhaps  sev- 
eral others  only  known  by  fragments,  are  all  more  or  less  nearly  related. 
Indeed,  the  separate  first  primary  radials,  and,  perhaps,  some  of  the  other 
parts  of  these  crinoids,  when  found  disconnected,  can  scarcely,  if  at  all, 
be  distinguished  specifically.  The  truncated  subradial,  however,  on  the 
anal  side  of  Poteriocrinus  hemisphcericus  (not  a  true  Poieriocrinm)  can 
always  be  distinguished  from  any  of  the  parts  of  the  other  forms  men- 
tioned ;  while  the  curiously  developed  spine-like  second  radials  of  Zea- 
crinus  mucroapinus  can  always  be  readily  recognized. 

All  of  these  crinoids  are  peculiar  to  the  Coal-Measures  of  the  West, 
where  they  are  widely  distributed. 

Locality  and  position, — The  specimen  figured  on  PL  1,  was  found  by 
Dr.  Hayden,  eight  or  nine  years  since,  at  Bellevue,  Nebraska.  The 
species  was  first  described  from  the  Upper  Coal-Measures  at  Springfield, 
lUinois.  We  also  have  fragments  of  apparently  this  crinoid  from  division 
B,  at  Nebraska  City. 

Genus  SCAPHIOCEINUS,  Hall. 

ScApmocRiNUS !  HEMiSPHJERicus,  Shumard,  sp. 

PI.  Y,  Fig.  1,  a,b;  and  PI.  YII,  Fig.  1,  a,  b,  c. 

Poteriocrinus  hemisplujericuSf  Shnmard,  1858,  Trans.  St.  Louis  Acad.  Sci.  1,  p.  221. 
Cyaikocrinus  inflexuSy  Geinitz,  1866,  Carb.  und  Dyas  in  Neb.,  p.  62,  Tab.  IV,  Fig.  20,  a,  &, 
c,  and  Fig.  28,  a,  &,  c. 

Body  below  the  summit  of  the  first  radials  sub-hemispherical,  with  the 

*  I  mentioned  in  1865  (Am.  Jour.  Sci.,  XXIX,  174),  seeing  a  series  of  minute  rudi- 
mentary pieces  in  a  true  JEncrinuSj  belonging  to  Smitbson's  private  collection  at  the 
Smithsonian  Institution,  within  the  range  usually  regarded  as  basals.  As  these,  how- 
ever, are  not  so  developed  as  to  be  seen  externally,  and  assume  the  character  of  true 
basals,  and  onr  crinoid  seems  to  differ  in  the  structure  of  its  superior  parts,  it  cauuot 
be  properly  referred  to  that  genus^  though  evidently  closely  allied  to  it. 
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under  side  deeply  concave.    Base  very  small,  pushed  or  inverted  entirely 
within  the  cavity  of  the  body,  and  nearly  or  quite  hidden  exteraally; 

column  facet  round  and  deeply  sunken.  Sub- 
radial  pieces  of  moderate  size,  very  nearly  equal, 
having  a  general  pentagonal  form,  excepting 
the  one  on  the  anal  side,  which  is  a  little  trun- 
cated above  by  the  anal  piece,  so  as  to  give  it  a 
general  hexagonal  outline;  each,  however,  has 
an  additional  very  obscure  mesial  angle  at  its 
connection  with  the  base,  and  all  are  strongly 
incurved  below,  to  form  the  concavity  of  the 
under  side.  First  radial  pieces  nearly  twice  as 
large  as  the  subradials,  twice  as  wide  as  high, 
and  equally  pentagonal,  the  upper  sides  being 
longer  than  either  of  the  others,  and  all  evenly 
Y_y    ^  truncated.    Second  primary  radials  (at  least 

the  two  on  the  anal  side)  comparatively  narrow, 
^^^^oT  .>,?^«^^^"  l>«t  still  wider  at  the  base  than  high,  rounded 

CU8, — Diagram     snowing    the        ,,  .         .j         i«..i  ^  •  ^    i  •     ^i         -j 

structure  of  the  body  from  ^^  ^'^^  outer  Side,  a  little  constricted  in  the  mid 
the  base  to  the  first  radial  die,  and  pentagonal  in  form,  the  two  upper 
pieces,  inclusive.  sloping  sides  supporting  the  first  divisions  of 

the  arms,  which  are  composed,  at  least  for  the  first  three  ranges,  each 
of  a  single  series  of  wedge-formed  pieces.  First  anal  piece  comparatively 
small,  a  little  concave,  resting  upon  one  of  the  subradials,  and  connect- 
ing with  the  first  radial  on  each  side,  above  which  it  projects;  support- 
ing upon  its  slightly  incurved  upper  edge  a  second  piece,  the  form  of 
which  is  unknown.  Surface  smooth,  or  only  with  traces  of  minute 
granules. 

The  specimen  from  which  the  above  description  was  made  out  is  0.66 
inch  wide,  and  0.27  inch  high  to  the  summit  of  the  first  radial  pieces. 

In  this,  as  iu  the  several  known  species  of  Erisocrinus^  and  some  other 
allied  forms  of  the  Coal-Measures,  the  first  radial  pieces  are  very  thick 
on  the  upper  edge,  which  has  a  neatly  creuated  ridge,  with  a  furrow  on 
each  side  of  it,  along  the  outer  margin.  These  first  primary  radial  pieces 
have  exactly  the  form  of  the  corresponding  parts  in  Erisocrinus^  and,  as 
we  have  reason  to  believe,  of  one  or  more  undefined  genera  of  these 
rocks,  and  when  found  detached  cannot  be  distinguished.  The  sub- 
radial  piece,  however,  on  the  anal  side  of  this  crinoid,  can  at  once  be 
distinguished  from  any  of  those  of  Erisocrinus  by  the  truncation  of  its 
upper  side  (see  Fig.  28,  a,  ft,  c.  Tab.  IV,  of  Geinitz's  Carb.  und  Dyas). 
On  the  inside  of  the  cup  of  this  and  the  allied  forms  alluded  to,  the 
sunken  basal  pieces  are  seen  to  rise  so  as  to  form  a  kind  of  p^Tamidal 
or  conical  protuberance. 

Until  the  vault  of  these  crinoids  is  known  it  will  be  difficult  to  deter- 
mine whether  they  are  more  nearly  allied  to  Poteriocrinus  or  to  Cydtho- 
crinus.  From  all  analogy,  however,  I  am  led  to  think  they  will  be  found 
to  possess  the  large  prolonged  trunk  or  proboscis  of  the  Poteriocrinm 
group,  instead  of  the  merely  vaulted  summit  and  lateral  tube  of  Cya- 
thocrinus. 

When  we  compare  the  structure  of  this  crinoid,  as  far  as  yet  known, 
with  that  of  Scaphiocrinus  simplex^  Hall,  the  type  of  that  group,  it  will 
be  seen  to  agree  in  all  i-espects,  aside  from  mere  specific  characters,  such 
as  its  concave  under  side,  slight  difference  of  form,  &c.,  though  it  difiers 
more  widely  from  several  of  the  other  species  that  have  been  referred  to 
that  group,  in  having  but  a  single  anal  piece,  composing  a  part  of  the 
waJls  of  the  cup.    Hence  I  have  been  led  to  place  it  provisionally  in  the 
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Scaphiocrintis  group,  generally  regarded  as  a  sub-genus  under  Poteriocri' 
nm.  It  is  worthy  of  note,  however,  that  it  is  still  a  matter  of  doubt 
whether  Scaphiocrinus  will  not  be  found  a  synonym  of  Oraphiocrinus^  de 
Ron.,  when  it  is  known  whether  or  not  that  type  has  minute  basal  pieces 
within  those  supposed  to  be  such. 

Locality  and  position. — Professor  Geinitz  figures  a  fine  example  of  this 
species  from  division  C  of  the  Nebraska  Oity  section ;  and  we  have  it 
from  Bennett's  mill,  included  by  him  and  Professor  Marcou  in  division  B 
of  the  Upper  Dyas.  We  also  have  it  from  Omaha,  &c.,  from  a  lower  posi- 
tion in  the  Coal-Measures  referred  by  them  to  the  Lower  Carboniferous. 
It  also  occurs  in  the  Coal-Measures  of  Iowa,  Kansas,  Illinois,  &c. 

Genus  ZEACRmUS,  Troost. 

Zeacrinus  f  MUCROSPINUS,  McChesney 
PI.  V,  Fig.  2  a,  5,  c. 

Zeaerinvs  tnucrospinuSj  McCbesnoy,  1860,  New  Paleozoic  Fobs.,  p.  10 ;  also,  1865,  illustra- 
tious  of  same,  PI.  4,  Fig.  7,  a,  6.  ' 

At^nocrinuSf  sp.,  Geinitz,  1866,  Carb.  und  Dyas,  Tab.  IV,  Fig.  29,  a,  h  ;  (not  ActinocrinifeSy 
Miller,  1821). 

As  pointed  out  by  me  some  time  back  (Am.  Jour.  ScL,  Yol.  XLIV, 
new  series,  p.  17G),  the  spines  figured  in  Professor  Geinitz's  work,  cited 
above,  are  those  of  a  type  belonging  to  the  same  family  as  Foteriocrinm. 
This  curious  crinoid  has  a  cup  almost  exactly  of  the  same  form  as 
the  last,  being  sub-hemispheral,  rounded  below,  and  provided  with  a 
very  small  deeply  sunken  ba«e,  almost  entirely  hidden  by  the  column. 
Its  anal  series  of  plates,  however,  is  different  from  that  of  the  last,  these 
pieces  being  here  more  numerous  and  arranged  as  in  Zeacrinus.  Its  most 
remarkable  peculiarity,  however,  consists  in  having  its  second  primary 
radial  pieces  produced  outward  into  long  spines.  These  spines  Pro- 
fessor G.  mistook  for  those  of  some  species  of  the  Actinocrinites  group, 
Uke  A.  Oouldi  of  Hall.  The  spines  of  the  latter,  however,  belong  to  an 
entirely  different  part  of  the  crinoid,  being  modified  vault-pieces,  and 
hence  have  the  head,  or  larger  end,  of  a  very  different  form.  Conse- 
quently those  under  consideration  can  be  distingftished  at  a  glance  from 
the  spines  of  any  of  the  species  allied  to  Actinocrinites.  In  addition  to 
this,  the  two  types  occupy  distinct  geological  horizons,  no  Actinocrinoid 
being  known  in  this  country  as  high  in  the  series  as  the  Coal-Measures. 

I  have  reproduced  on  Plate  V,  Professor  Geinitz's  figures  of  these  spines, 
because  we  found  no  good  specimens  of  them  from  any  of  the  localities 
near  Nebraska  City.  For  comparison  I  have  also  given  a  copy  of  Pro- 
fessor McChesney's  figure  of  one  of  these  pieces  of  his  typical  specimen. 
That  figured  by  Professor  Geinitz,  however,  has  the  larger  end  somewhat 
obscured  by  adhering  foreign  matter,  or  from  wearing  so  as  partly  to 
obliterate  the  markings  on  the  upper  side  (Fig.  2  a)  supporting  the  two 
first  divisions  of  the  arms. 

Locality  and  position. — Professor  Geinitz  figures  the  spines  of  this 
species  from  Bennett's  Mill,  three  miles  northwest  of  Nebraska  City, 
from  beds  referred  by  him  and  Professor  Marcou  to  the  lower  part 
(division  B)  of  their  Upper  Dyas.  We  have  them  from  Plattsmouth, 
Cedar  Bluff,  Omaha,  and  numerous  other  localities  and  positions  in  the 
Coal-Measures  of  Nebraska  and  Kansas.  They  likewise  occur  iu  the 
same  horizon  in  Iowa,  Blinois,  Missouri,  ArkansavS,  &c.  But  they  never, 
80  far  as  known,  occur  at  any  horizon  below  the  Coal-Measures;  though 
Professor  Worthen  and  the  writer  have  described  an  allied  represewUStt- 
tive  species  from  the  Chester  Limestone  of  the  Illinois  Lowet  Ca\:\>o\i\teT- 
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OTIS  series.    No  analogous  crinoid  has  ever  been  described  in  Europe 
from  the  Permian. 

Genus  EUPACHYCKINUS,  M.  &  W. 
EuPACHYCEiNUS  VERRUCOSUS,  White  &  St.  John. 

Hydrdonocrinus  t  verrucosus,  White  &  St.  John,  1869,  Trans.  Chicago  Academy  of  Sciences, 

Vol.  1,  p.  117,  Fig.  1. 
Eupachycrinus  verrucosus,  \Vhito  and  St.  John,  M.  S. 

"  Body  below  the  top  of  the  first  radial  plates  basin-shaped,  with  its 
base  slightly  depressed,  more  than  twice  as  wide  as  high,  and  compased 

of   somewhat    massive,   convex 
^S-  3.  plates,  which  are  joined  by  close 

sutures,  which  hitter  are  in  tbe 
middle  moderately  deep,  caused 
by  the  beveling  of  the  edge^  of 
the  body-plates.  Base  moder 
ately  large,  pentagonal,  having 
a  little  more  than  one-third  its 
diameter  covered  by  the  \\\)\m 
joint  of  tUe  column.  Width  and 
height  of  subradial  pieces  about 
equal,  strongly  convex  from  base 
to  top ;  three  of  them  pentago- 
nal, and  two  of  tbem  hexagonal, 
there  being  properly  no  angle  at 
the  base  of  any  of  them.  First 
radial  plates  all  pentagonal,  not 
quite  so  large  as  the  subradiiils, 
nearly  twice  as  wide  as  high,  all 
of  them  truncated  above,  so  that 
the  top  of  the  calyx  is  seen  to  be 
£ifpacAymfit«wrriico»M«.*— Diagram  showing  nearly  level  when  the  arms  are 

structure  of  the  body,  from  base  to  first  iTadials  removed  ;    the    facets    to    which 

inclusive.  ^l^^y  were  attached  so  broad  as 

to  occupy  more  than  half  the  semi-diameter  of  the  calyx.  First  anal 
piece  nearly  half  as  large  as  a  subradial,  quadrangular,  resting  between 
the  superior  sloping  sides  of  two  of  the  subradials,  an  inferior  sloping 


Fig.  4. 


side  of  one  of  the  lirst  rad 
ials,  and  the  second    anal 
piece,  all  of  it  being  below 
the  summit  of  the  calyx. 
Second  anal  piece  pentago- 
nal, not  quite  so  large  as 
the  first,  but  projecting  con- 
siderably above  the  top  of 
the  calyx,  and  bordered  by 
the  first  anal,  one  subradial, 
two  first  radials,  and  sur- 
mounted by  two  other  small     Eujyachycrimts  rcrruco8us.-a,  an  outline   [wsterior 
anal  pieces.   Surface  marked  view  of  the  body;   fe,  view  of  under  side  of  siime  a 
bv  distinct  VerrUCOSe   eleva-  ^^i*^®  distorted  ;  c,  a  view  of  the  doi-sal  Hide  of  a  pieci* 

tions  ^    ana    tne   wnoie   SUr-  ^Ue  first  joint  of  one  of  the  pinnuhe  at  the  left  lower 

face,  including  the  sutures,  corner. 

presenting  a  fine  granulated  appearance  under  the  magnifier." 

*  I  am  under  obligations  to  Professor  C.  A.  White,  the  State  geologist  of  Iowa,  for 
the  use  of  the  type  specimen  from  which  these  evita  -wcte  ui^viLe. 
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Height  of  body  to  the  top  of  the  first  radial  pieces,  0.55  inch;  breadth 
of  same,  about  1.13  inches. 

This  crinoid  agrees  nearly,  in  the  number  and  arrangjenient  of  the  parts 
of  its  body,with  the  genus  Poterioerinus^  from  the  typical  species  of  which, 
however,  its  body  differs  materially  in  its  depressed  form  and  concave 
base ;  but  it  differs  more  especially  in  the  structure  of  its  arms,  which, 
instead  of  being  each  composed  of  a  single  series  of  pieces,  consist  each  of 
a  double  series  of  interlocking  pieces.    It,  therefore,  belongs  to  the  same 
group  as  Grapkwcrinus  l^brachmlis  of  Lyon  (Owen's  Kentucky  Geol. 
Kep.,  Yol.  3,  PI.  1,  Fig.  2,  2a,  and  2b),  for  which  Mr.  Worthen  and  the 
writer  proposed  the  name  Eupachycrinus,  in  Vol.  3,  Illinois  Geol.  Rep.,  p. 
177.    At  one  time  we  had  been  led  to  think  Mr.  Lyon's  type  might  pos- 
sibly belong  to  SydreionocriiiuSj  de  Koninck.    Facts,  however,  more 
I'ecently  ascertained,  in  regard  to  the  structure  of  some  analogous  Ameri- 
can forms,  seem  to  indicate  that  the  part  in  Hydreionocrinus  supposed  to 
be  composed  of  the  united  arms  is  probably  only  the  ventral  portion  of 
the  body  extended  upward.*    If  this  is  so,  it  most  probably  had  free  arms ; 
though  even  in  that  case  we  have  no  evidence  that  they  possessed  the 
structure  of  those  of  the  type  under  consideration ;  and  it*  its  amis  are 
united  to  form  a  kind  of  extension  of  the  body,  as  supposed  by  Profes- 
sor de  Koninck,  then  the  species  here  described  would  certainly  be 
widely  removed,  because  the  indentations  for  the  attachment  of  pin- 
nula?,  along  their  inner  sides,  show  that  its  arms  were  free.    It  also  has 
relations  to  Zeacrinics  and  Scaphiocrinu8,  from  the  typical  forms  of  which, 
however,  it  differs  materially  in  having  its  arms  composed  of  a  double 
series  of  pieces.    Specifically  this  crinoid  is  closelj^  allied  to  Hydreiono- 
crinus tuberculatum  (Eriwcrinus  ttiberctdatuSj  Meek  &  Worthen,  from  the 
Coal-Measures  of  Illinois),  which  proves  to  have  the  structure  of  arms 
characterizing  this  group,  instead  of  that  seen  in  those  of  Erisocrinus. 
The  species  under  consideration,  however,  is  more  delicate,  and  differs 
in  the  peculiar  verrucose  style  of  its  ornamentation,  instead  of  having 
a  distinctly  nodose  surface.    It  also  differs  in  having  its  sutures  more 
channeled  by  the  beveling  of  its  plates,  than  the  species  tuberculatus. 

Dr.  White  and  Mr.  St.  John  have  placed  this  species  in  MS.  in  the 
genus  Eupachycrinus, 

Locality  and  position. — ^The  only  known  specimen  of  this  species  was 
found  by  Dr.  White  in  the  bed  No.  2  of  the  Plattsmouth  section,  at 
Platt^mouth,  Nebraska. 

Genus  AKCH^OCIDAEIS,  McCoy. 

Aecbleocidaris  !  triseeeata,  Meek. 

PI.  1,  Fig.  6  a,  6,  c. 

Of  this  species  I  only  know  the  primary  spines,  but  these  are  so  pecu- 
liar that  tbey  will  alone  probably  be  sufficient  to  distinguish  it.  They 
are  moderately  long,  rather  slender,  and  usually  a  little  arched  near  the 
base,  where  they  present  a  nearly  or  quite  circular  section.  Farther  up 
they  soon  become  compressed  with  a  rhombic  section,  the  lateral  mar- 
gins bein^  sharp  and  regularly  serrated,  the  little  teeth-like  projections 
being  inclined  outward  or  toward  the  apex  of  the  spine,  and  apparently 
sometimes  alternately  arranged.  Of  these  there  were  probably  25  to  30 
on  each  side  of  the  spine,  and  9  to  12  of  them  may  be  counted  in  the 

*  See  remarks  of  the  writer  and  Mr.  Worthen  on  this  subject  in  Proceed.  Acad.  Nat. 
Sci.,  Philad.,  Ap.  1H70,  p.  29. 
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space  of  half  an  inch.  On  the  middle  or  concave  side  of  the  curvature 
of  the  spine  there  is  a  third  serrated  carina,  apparently  extending  ahout 
two-thirds  of  its  length  from  near  the  base  toward  the  apex,  the  serra- 
tions becoming  more  distantly  separated  toward  the  outer  extremity. 
On  the  other  side  three  or  four  rows  of  much  smaller  granules,  or  minute, 
elongated  nodes,  extend  from  the  shank  of  the  spine,  and  gradually  be- 
come obsolete  near  the  middle.  The  ring  at  the  head  is  moderately 
well  defined,  and,  when  well  preserved,  is  seen  to  be  faintly  milled.  The 
perforation  of  the  abruptly  contracted  articulating  extremity  is  about 
one-third  as  wide  as  the  diameter  of  the  shank.  Surface,  at  least  near 
the  shank,  where  not  worn,  marked  with  exceedingly  minute  longitu- 
dinal striae,  entirely  invisible  without  the  aid  of  a  g(K)d  magnifier. 

Length,  apparently  about  2.30  inches.  No  entire  specimens,  how- 
ever, were  found. 

This  species  is  evidently  allied  to  A.  biangulatuSj  Shumard  (Trans,  St. 
Louis  Acad.,  1,  p.  223),  to  which  I  was  at  first  inclined  to  refer  it 
As  Dr.  S.,  however,  only  mentions  the  two  lateral  rows  of  serrations  of 
the  primary  spines,  and  says  nothing  about  the  others  on  the  upper  and 
lower  side,  and  particularly  as  he  gives  the  entire  number  of  the  serra- 
tions on  each  side  as  12  to  14,  his  species  should  be  distinct. 

Locality  and  positmi. — Upper  Coal-Measures,  Omaha,  Nebraska ;  and 
same  position  (bed  No.  8)  in  an  exposure  seen  on  Platte  River,  three 
miles  above  its  mouth.  I  have  also  seen  a  specimen  of  it  from  Vermil- 
lion County,  Illinois,  where  it  was  found  by  Mr.  Brodhead,  fifty  feet  be- 
low coal-bed  No.  6  of  the  Illinois  section.  The  specimen  from  Illinois,  like 
that  here  described,  consists  of  a  single  spine.  Until  other  parts  of  the 
fossil  can  be  known,  it  is  not  possible  to  determine  whether  or  not  it  is 
a  true  Archceocidaris. 

Genus  EOCIDAR18,  Desor. 

EociDARis  Hallianus,  Gcinitz. 

PL  VII,  Fig.  9,  a,  fe,  c,  d. 

Eoddaris  Hallianus j  Geinitz,  1866,  Carb.  und  Dyas  in  Neb.,  p.  61,  Tab.  V,  Fig.  1  a,  6^  2  a,  h. 

Of  this  delicate  little  species  I  have  seen  only  fragments  of  the  spines 
from  Nebraska  City  and  other  localities  in  Nebraska.  Entire  spines, 
however,  occur  on  Grand  River,  Union  County,  Iowa,  in  a  bed  contain- 
ing many  of  the  same  fossils  associated  with  it  at  Nebraska  City,  and 
holding  a  position  about  the  middle  of  the  Upper  Coal-Measures  of  that 
region. 

Locality  and  position, — Division  C  of  Nebraska  City  section. 

MOIiIiTSCA. 

POLYZOA. 

Genus  FENESTELLA,  Lonsdale. 

Fenestella,  sp. 

PL  1,  Fig.  4  a,  h. 

Fenestella  pldfeja,  Geinitz,  1866,  Carbon,  und  Dyas  in  Neb.,  p.  58,  Tab.  V,  Fig.  8  a,  hj  (not 
McCoy,  ,1844). 

I  have  no  specimens  of  this  species  for  study  and  illustration,  and 
therefore  merely  reproduce  Professor  Geinitz's  figures  to  call  attention 
to  the  fossil  as  one  of  the  forms  to  be  looked  for  in  these  rocks.    I  mast 
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differ  very  decidedly  from  Professor  Geinitz,  however,  in  regard  to  the 
identity  of  this  species  with  F,  plebeja  of  McCoy,  supposing  both  forms 
to  have  been  nearly  correctly  figured,  since  they  are  represented  so 
widely  different  that  very  few  would  think  it  necessary  even  to  compare 
tbem.  The  differences  are  too  strongly  marked  to  be  the  result  of  any 
errors  in  the  drawings,  or  due  to  peculiarities  of  different  varieties  of  the 
same  species,  as  may  be  seen  by  comparing  the  published  figures  of  the 
two  forms  (see  figure  of  F.  plebeja  copied  on  Plate  VII,  Fig.  11,  from 
Professor  McCoy's  work  on  the  Carboniferous  fossils  of  Ireland,  and  that 
here  given  from  Professor  Geinitz's  Carb.  und  Dyas  in  Neb).  It  is  also 
worthy  of  note  here  that  Professor  McCoy's  description  agrees  exactlj^ 
with  his  figure,  the  fenestrules  being  represented  in  both  as  "  rectangu- 
lar, and  from  two  to  three  times  as  long  as  wide,"  while  in  Professor 
Geinitz's  enlarged  figui'e  of  the  Nebraska  fossils  they  are  represented 
without  any  trac^es  of  angles,  and  of  a  broad-oval  or  subcircular  form,  but 
shghtly  longer  than  wide. 

\Ve  can  never  hope  for  any  approximation  to  precision  in  paleonlotogy 
or  geology,  while  such  hasty  identifications  as  this  are  insisted  upon  by 
geologists. 

Locality  and  pog^ition, — ^Bellevue  and  Plattsmouth,  in  Upper  Coal- 
Measnres. 

Fenestella  Shumardi,  Proutf. 

Plate  VII,  Fig.  3  a,  b,  c. 

FtMnietta  Shumardi,  Front,  1858,  Trans.  St.  Louis  Acad.  Sci.,  Vol.  1,  p.  232. 

Polyzoum  growing  apparently  in  fiabelliform  expansions,  and  compos- 
ing an  extremely  fine,  delicate  net-work  ;  branches  very  slender,  of  uni 
form  size,  rather  flattened,  and  comparatively  coarsely  striated-  on  the 
Donporiferons  side,  bifurcating  at  rather  regular  intervals  of  from  0.20 
to  0.25  inch,  the  divisions  diverging  but  slightly ;  fenestrules  oblong,  or 
about  once  and  a  half  to  nearly  twice  as  long  as  wide,  distinctly  quad- 
rangular, especially  as  seen  on  the  non-poriferous  side,  and  about  equaling 
the  breadth  of  the  branches ;  dissepiments  extremely  slender  or  scarcely 
more  than  one-fourth  as  thick  as  the  branches,  not  widened  at  the  end 
on  the  non-poriferous  side,  but  often  somewhat  expanded  by  a  pore  at 
one  or  both  ends  on  the  other  side.  Poriferous  side  with  a  mesial  carina 
apparently  sometimes  bearing  minute  projecting  points,  and  on  each 
side  of  this  angle  about  two  and  sometimes  three  comparatively  large 
pores,  generally  arranged  so  that  there  is  one  at  each  end  of  each  dis- 
sepiment, and  another  between  these  opposite  each  side  of  each  fenestrule. 

Entire  size  of  polyzoum  unknown;  number  of  fenestrules  in  0.25  inch, 
measuring  longitudinally,  13  to  14 ;  ditto,  measuring  transversely,  15  to 
16 ;  breadth  of  branches,  0.02  inch. 

As  near  as  can  be  determined  from  Dr.  Prout's  description  alone, 
this  very  delicate  little  species  seems  to  agree  quite  well  with  his  ^ 
Shumardi^  from  the  Carboniferous  limestone  (probably  of  the  ag6  of  the 
Coal-Measures)  at  the  Organ  Mountain,  New  Mexico.  Still,  as  it  is  ex- 
ceedingly difficult  to  determine  the  relations  of  such  fossils  with  precision 
from  descriptions  alone,  it  is  quite  possible  that  the  form  under  con- 
sideration may  be  found  distinct  on  comparison  of  specimens.  If  so,  I 
would  propose  to  designate  it  by  the  name  F,  perelegans. 

Compared  with  foreign  described  species,  this  is  perhaps  most  nearly 
related  to  F.  plebeja  of  McCoy  (Carb.  Foss.  Ireland,  PI.  XXIX,  Fig.3\\ 
but  on  comparison  it  wW  be  seen  to  have  its  fenestrules  ou\y  once  ^\A 
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a  half  to  nearly  twice  as  long  as  wide,  instead  of  from  two  to  three  times 
as  long  as  wide,  while  it  has  only  two  or  three  pores  instead  of  four  or 
five  opposite  each  side  of  each  fenestrule.  Its  pores  arc  also  propor- 
tionally larger,  while  the  entire  polyzonm  forms  a  more  delicate  net- work, 
as  may  be  seen  by  comparison  with  a  figure  of  Professor  McCoy's  species 
given  on  Plate  VII. 

Locality  and  position. — Division  C  of  the  Upper  Coal-Measure  section 
at  IS^ebraska  City,  Nebraska.  It  has  also  been  discovered  by  Dr.  New- 
berry In  the  Lower  Coal-Measures  of  Ohio. 

Genus  POLYPOEA,  McCoy. 

POLYPORA  SUBMARGINATA,  Meek. 

PI.  YII,  Fig.  7  a,  h. 

Folypora  marginatay  Geinitz,  1866,  Carb.  und  Dyas  in  Neb.,  p.  69,  PI.  V,  Figs.  11  a,  ft,  and 
12  a,  ft /  (not  McCoy  1H44,  Synopsis  Carb.  Fossils  Ireland,  p.  206,  PI.  XXIX,  Fig.  5). 

Compare  Fenestella  jyohfparatay  Portlock,  1843,  Geol.  Londonderry,  p.  :i23,  PI.  XXfl  A, 
Fig.  1 ;  (not  Phillips). 

Polyzoum  growing  in  flabelliforra  (or  infundibuliform  ?)  expansions; 
longitudinal  branches  bifurcating  at  more  or  less  regular  intervals,  and 
having  their  lateral  margins  sharply  cariuate ;  dissepiments  about  half 
as  wide  as  the  branches;  fenestniles  oblong  oval,  usually  about  twice 
as  long  as  wide,  or  sometimes  proportionally  a  little  wider  or  longer, 
their  breadth  being  about  the  same  as  the  branches.  Non-poriferons 
side  with  the  branches  convex,  and  a  little  prominent  along  the  middle, 
flattened  toward  the  carinate  lateral  margins,  and  in  good  specimens 
finely  and  beautifully  striated  longitudinally;  dissepiments  rounded 
and  sometimes  showing  faint  traces  of  striiB.  Poriferous  side  with 
branches  provided  with  a  mesial  row  of  small  nodes  or  distinct  gran- 
ules, giving  them  a  subcariuate  appearance,  and  five  rows  of  alternating 
pores,  those  of  the  middle  row^  being  placed  one  between  each  two  of 
the  nodes,  while  the  other  four  rows  are  placed  two  on  each  side  .of  the 
middle  range ;  pores  sometimes  with  a  slightly  raised,  very  narrow  lip, 
most  prominent  around  the  outer  side  of  the  lateral  ones,  which,  how- 
ever, scarcely  imparts  any  irregularity  to  the  outline  of  the  sharp  lateral 
margins ;  dissepiments  obtusely  subcarinate  along  the  middle,  and  some- 
times showing  traces  of  striae,  as  on  the  other  side. 

Entire  size  of  Polyzoum  unknown ;  number  of  fenestrules,  measuring 
longitudinally-,  in  0.50  inch,  6 ;  same,  measuring  transversely,  9  to  11 
in  same  space. 

Professor  Geinitz  refers  this  species  to  P.  marginata  of  McCoy ;  bat 
if  we  are  to  be  guided  by  Professor  McCoy's  figures  and  description,  it 
seems  to  me  we  must  regard  it  as  being  clearly  distinct,  as  may  be  seen 
by  Figs.  13  a,  6,  c,  copied  from  Professor  McCoy's  Synopsis  of  the  Car- 
boniferous Fossils  of  Ireland.  On  comparing  these  with  the  figures  of 
our  fossil,  it  will  be  seen  that  he  represents  the  fenestrules  as  being  pro- 
portionally longer,  and  the  dissepiments  much  more  slender.  The  most 
important  difLerences,  however,  may  be  seen  in  the  enlarged  figures  of 
the  poriferous  sides  of  the  two,  as  represented  by  Figs.  7  h  and  13  e.  In 
our  species,  for  instance,  there  is,  when  well  preserved,  a  row  of  distinct 
little  nodes  along  the  middle  of  each  branch,  neither  represented  in  the 
figures  nor  mentioned  in  the  description  of  McCoy's  species.  In  addition 
to  this,  he  mentions  in  his  description,  and  shows  in  his  figure,  waved 
lines  running  along  between  the  pores,  not  seen  in  the  Nebraska  species; 
and  he  only  shows  3,  or  rarely  4,  pores   in  each  row  opposite  each 
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fenestrule,  while  in  our  species  there  are  from  4  to  5,  or  rarely  6,  but 
generally  5.  Surely  such  differences  as  this  cannot  be  ignored  if  we 
mean  to  distinguish  species  at  all. 

It  is  true  that  ip  the  figure  given  by  Professor  Geinitz,  he  shows  no 
traces  of  the  row  of  little  nodes  along  the  middle  of  the  poriferous  side; 
this,  however,  is  due  to  the  fact  that  his  specimen  had  been  subjected 
to  some  wearing  or  abrasion.  At  any  rate,  I  have  before  me  worn 
specimens  showing  the  pores  very  clearly,  and  having  the  little  nodes 
entirely  removed  on  some  parts,  and  more  or  less  preserved  on  other 
portions  of  the  same ;  while  in  others  they  are  as  distinct  as  seen  in  our 
enlarged  figure.  It  may  be  argued  that  McCoy's  figure  may  have  been 
taken  from  a  worn  specimen  also ;  but  the  fact  that  it  showed  the  pe- 
culiar waved  striae  so  distinctly  between  the  pores,  seems  entirely  incom- 
patible with  the  conclusion  that  it  could  have  sunered  such  abrasion. 

Our  species  would  seem  to  be  more  nearly  allied  to  a  form  referred  by 
General  Portlock  to  Fenestella  polyporata  of  Phillips,  and  cited  by  Pro- 
fessor Geinitz  as  a  synonym  of  P.  marginata,  McCoy,  particularly  as 
General  Portlock  mentions  seeing  on  some  specimens  a  row  of  minute 
granules  along  the  middle  of  the  branches.  The  form  figured  by  Gen- 
eral Portlock,  however,  is  certainly  different  from  Phillips's  species,  which 
is  clearly  figured  with  but  two  rows  of  pores  to  each  branch,  while  Port- 
lock's  shows  four,  the  one  being  a  Fenestella^  and  the  other  a  true  Poly- 
pora.  As  General  Portlock  merely  quotes  Phillips's  meager,  unsatisfac- 
tory description,  and  gives  a  figure  very  unlike  Professor  McCoy's,  I 
would  neither  feel  warranted  in  identifying  his  species  with  P.  mar- 
ginataj  nor  in  connecting  our  fossil  with  either  of  them. 

Locality  and  position. — ^The  specimens  from  which  our  Fig.  7  of  PI. 
YII  were  drawn,  came  from  division  C  of  the  Nebraska  City  section,  at 
that  place. 

PoLYPORA,  (sp.  undetermined). 
PI.  VII,  Fig.  6. 

PoUfpora  hiarmicaf  GeinitZ;  1866,  Carb,  und  Dyas  in  Neb.,  p.  68,  PL  V,  Fig.  13,  a,  b  ( — 
Keyserling  ?  1846). 

As  we  found  no  specimens  of  this  species  in  division  C  of  the  IS^ebraska 
City  section,  I  have  merely  given  copies  of  Professor  Geinitz's  figures  of 
a  specimen  from  that  locality  and  position.  In  order  that  others  may 
have  some  means  of  forming  their  own  conclusions  in  regard  to  its  re- 
lations to  P.  biarmica  of  Keyserling,  I  have  also  copied  Count  Keyser- 
ling's  figures  of  his  original  typical  specimen,  published  in  his  Petschora 
Land,  PI.  3,  Fig.  10,  and  10  a.  I  can  only  say  these  figures  look  to  me 
exceedingly  unlike,  and  I  should  not  be  willing  to  identify  the  Nebraska 
form  with  the  Bussian,  if  the  figures  are  even  approximately  correct  rep- 
resentations of  the  fossils.  In  addition  to  this,  the  form  figured  by  Pro- 
fessor Geinitz  occurs  in  the  unquestionable  Coal-Measures  of  Kansas  and 
Iowa, 

Locality  an^jpo«irtcw.— Division  C  of  the  Nebraska  City  section. 
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Genus  SYNOCLADIA,  King. 

Synocladia  biseeialis,  Swallow. 

PL  VII,  Fig.  5,  a,  b,  c,  d,  e. 

Synocladia  virgulacea  fj  Swallow,  1858,  Trails.  St.  Louis  Acad.  Sci.,  I,  p.  179;  (not  Phillips, 

1829). 

biserialiSy  Swallow,  Ih. 

f  Septopora  CeairiensiSy  Prout,  1858,  Trans.  St.  Louis  Acad.  Sci.,  I,  p.  448,  PI.  XVIII,  p.  2,2 

a,  by  c. 
Synocladia  virgulaceay  Geinitz,  1866,  Carb.  und  Dyas  in  Neb.,  p.  70,  PI,  V,  Fig.  14 ;  (not 

Phillips,  sp.).. 

Polyzoura  iufundibuliformf  or  composed  of  broad   overlapping,  or 
folded,  rapidly-spreading  flabelliform  expansions,  attached  by  a  small 
iX)ot-like  base.    Primary  branches,  larger  than  the  others,  which  are 
alternately  and  irregularly  given  off  at  various  angles  on  each  side,  and 
themselves  variously  divided  and  subdivided,  or  rather  increased  by 
lateral  and  intercalated  branchlets.    Dissepiments,  smaller  than  the 
branches,  usually  more  or  less  arched  or  geniculated,  and  occasionally 
giving  origin  to  intermediate  branches.    Fenestrules,  often  transversely 
oblong  or  irregularly  subquadrangular,  and  usually  wider   than   the 
branches.    Non- poriferous  side,  witb  branches  and  dissepiments  rounded, 
and  finely  and  regularly  striated,  as  well  as  provided  with  a  few  very  scat- 
tering, irregularly  disposed,  round,  and  apparently  superficial  dimorphous 
pores,  nearly  as  large  as   the  true  pores  or  cells  of  the  other  side; 
never  provided  with  projecting  root-like  processes.    Poriferous  side, 
with  branches  and  dissepiments,  more  or  less  distinctly  carinat^d  along 
the  middle,  the  carina  being  occupied  by  a  row  of  little  pointed  nodes, 
sometimes  rising  into  short  little  spine-like  projections,  with  generally 
on  or  near  the  base  of  each,  one  or  two  minute  dimorphous  pores ;  true 
pores  or  cells  moderately  large  and  rounded,  with  a  slightly  raised  mar- 
gin ;  arranged  in  two  rows,  one  on  each  side  of  the  carina  of  each  branch 
and  dissepiment,  to  the  lateral  margins  of  which  they  usually  impart 
a  more  or  less  undulated  outline;  sometimes  on  the  larger  primary 
branches,  and  some  of  the  larger  dissepiments,  an  occasional  odd  pore 
or  cell,  not  properly  belonging  to  either  of  the  two  rows,  is  placed  along 
near  the  lateral  margins,  but  these  never  form  a  third  continuous  row. 

The  entire  size  of  the  polyzoum  is  not  known,  but  some  of  the  speci- 
mens indicate  a  diameter  of  4  or  5  inches. 

This  species  was  regarded  by  Professor  Swallow  as  a  variety  of  8.  rir- 
guldceaj  for  which  he  proposed  the  name  bi^erialis.  Professor  Geinitz  also 
referred  it  to  8.  virgulacea  of  Phillips,  without  even  regarding  it  as  being 
suflBciently  distinct  to  require  separation  as  a  variety.  To  me,  however, 
it  seems  to  present  differences  of  too  much  importance  to  admit  of  being 
included  even  as  a  variety  of  8.  virgulacea.  In  order  the  more  clearly 
to  illustrate  these  differences,  I  have  given  on  Plate  VII,  Fig.  12  a,  a  copy 
of  a  part  of  Professor  King's  enlargement  of  the  poriferous  side  of  8. 
virgulacea  for  comparison  with  Fig.  5,  df,  an  enlargement  of  a  portion  of 
the  same  side  of  the  ^Nebraska  fossil.  On  comparing  these,  it  will  be 
seen  that  8.  virgulacea  has  no  mesial  carina  and  is  provided  with  three 
or  more  rows  of  pores  or  cells  (Professor  King  says,  in  his  description, 
from  3  to  5),  arranged  in  longitudinal  furrows,  the  middle  one  of  which 
is  bounded  on  each  side  by  a  slight  carina,  with  small,  minutely  porif- 
erous nodes;  the  entire  arrangement  being  very  different  from  the  char- 
acters constantly  presented  by  the  Nebraska  species.  In  addition  to  this, 
so  far  as  yet  known  from  the  examination  of  numerous  specimens,  the 
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latter  never  shows  any  traces  of  the  root-like  process  of  the  non  porifer- 
ous side,  so  often  seen  on  8.  virgtilaeea  (See  PI.  VJI,  Fig.  12,  b);  while  it 
constautly  shows  on  this  side  a  few  scattering,  irregularly-arranged 
diniorphus  pores,  neither  mentioned  in  any  of  the  descriptions,  nor  illus- 
trated in  any  of  the  figures  of  the  European  species  I  have  seen.  For 
these  reasons  I  can  but  regard  it  as  a  clearly  distinct  species.  Like  the 
Eoropean  /S.  virg^ulaceaj  the  species  under  consideration  varies  in  the 
arraugement  of  its  branches,  fenestrules,  and  dissepiments,  to  some 
extent,  though  it  is  constant  in  its  other  characters. 

Locality  and  position, — ^The  specimens  figured  on  PI.  VII  are  from 

division  C,  of  the  Nebraska  City  section ;  those  on  PI.  IV  are  from  a 

shaft  at  that  place,  sunk  some  distance  below  this  horizon,  probably 

below  division  B,  in  which  it  also  occurs.   We  also  have  it  from  a  lower 

position  at  various  localities  in  the  Upper  CoalMeasures  of  Kansas  and 

Nebraska,  Iowa,  &c. ;  while  in  Kansas  it  ranges  up  into  the  Permocar-  * 

boniferous,  and  possibly  into  the  Permian.    In  Illinois  it  occurs  in  both 

the  Upper  and  the  Lower  Coal-Measures ;  and  we  have  there  also  found 

an  uudistiu^uishable  form  in  the  St.  Louis  and  Chester  limestones,  of 

the  Lower  Carboniferous  series.   (See  Proceed.  Acad.  Nat.  Sci.,  Philad., 

March,  1870,  p.  15.) 

Genus  GLAUCONOME,  Goldfuss. 

GLAUCONOME  TEILINEATA,  Meek. 

PL  VII,  Fig.  4,  a,  b^  c,  d. 

Compare  Glauconame  grandis,  McCoy,  1844,  Carb.  Foss.  Ireland,  p.  199  PI.  XXVIII,  Fig.  3. 

Polyzoums  with  main  stem  long,  slender,  and,  as  far  as  known,  of 
equal  breadth  the  entire  length,  not  quite  twice  as  wide  as  the  lateral 
branches.  Lateral  branches,  long,  rather  rigid,  sometimes  alternating, 
and,  in  other  examples,  nearly  opposite,  distant  from  each  other  slightly 
more  than  the  breadth  of  the  main  stem,  with  which  they  range  at  an 
angle  of  about  sixty  degrees;  like  the  main  stem,  showing  no  taper  as 
far  as  known ;  sometimes  themselves  giving  off  (at  least  on  the  lower 
side)  a  few  distant  lateral  subdivisions,  at  some  distance  out  from  the 
main  stem.  Non-poriferous  side,  with  main  stem  and  branches  minutely 
and  very  regularly  striated  longitudinally.  Poriferous  side,  with  a  me- 
sial ridge  along  the  main  stem,  consisting  of  three  slightly-raised  lines, 
the  middle  one  of  which  is  larger  than  the  others;  on  each  side  of  this 
ridge  is  a  row  of  pores,  three  of  which  are  placed  between  each  two  of 
the  lateral  branches,  and  about  their  own  breadth  from  the  margin,  to 
the  outline  of  which  they  do  not  impart  any  irregularity ;  lateral  branches 
with,  on  each  side  of  a  linear  ridge,  two  rows  of  alternating  pores,  very 
slightly  smaller  than  those  of  the  main  stem,  and  imparting  sometimes  a 
slightly  undulated  outline  to  the  margins. 

Entire  length  unknown;  a  specimen  imperfect  at  both  extremities  1.24 
mches  in  length,  sending  off  on  each  side  six  lateral  branches  in  a  space 
of  0.27  inch. 

This  may  not  be  distinct  from  Professor  McCoy's  species,  which  is 
certainly  a  very  closely  allied  form.  As  the  main  stem  of  our  fossil,  how- 
ever, shows  on  the  poriferous  side,  three  longitudinal  mesial-raised  lines 
or  ridges,  as  seen  under  a  good  magnifier,  and  nothing  of  the  kind  is 
mentioned  in  the  description  or  shown  in  the  flgiires  of  G,  grandiSj  I  do 
not  feel  warranted  in  identifying  the  Nebraska  species  with  it.  There  are, 
also,  some  diflFerences  in  the  angle  at  which  the  lateral  branches  are  giveu 
ff,  as  well  as  in  the  number  ofpores^  that  indicate  a  speci&c  dVSfeic^Xiefc. 
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The  presence  of  a  secondary  branchlet  seen  on  one  of  our  specimens 
may  be  another  indication  of  further  differences,  thoug:h  as  this  is  only 
given  off  farther  out  from  the  main  stem  than  the  lateral  branches  are 
preserved  in  the  specimen  figured  by  Professor  McCoy,  they  may  really 
exist  in  his  species. 
Locality  and  position, — Division  C,  at  IS^ebraska  City. 

BKACHIOPODA. 

Genus  LENGULA,  Bruguiere. 

LiNGULA  ScoTiCA,  var.  Nebeascensis. 

PI.  YIII,  Fig.  3,  a,  b. 

t  Lingula  Scoticttf  Davidson,  1860,  Monogr.  Carb.  Brach.,  Scotland,  p.  62,  PI.  5,  Fig.  36, 37, 
and  37  a. 

Shell  attaining  nearly  a  medium  size,  compressed,  subovate  or  ovoid- 
subtrigonal,  a  little  longer  than  wide,  the  greatest  breadth  being  near 
the  anterior  margin  ;  front  rather  broadly  rounded,  or  at  maturity  some- 
what more  nearly  straight  along  the  middle,  rounding  rather  abruptly 
into  the  antero-lateral  margins ;  sides  convex  in  outline  and  converg- 
ing (near  the  beaks)  at  an  angle  of  about  90° ;  beaks  rather  obtusely 
pointed  and  a  little  convex.  Surface  polished  and  ornamented  by  prom- 
inent, linear  concentric  ribs  or  striae,  separated  by  flat  spaces  three  or  four 
times  as  wide  as  the  ribs,  in  which  traces  of  much  finer,  obscure  irregu- 
lar concentric  striaj  can  be  seen  by  the  aid  of  a  magnifier.  Internal  cast 
nearly  smooth,  excepting  three  or  four  radiating  linear  impressions  near 
the  beak,  apparently  formed  by  little  ridges  on  the  inner  side  of  the 
shell,  but  which  are  sometimes  made  visible  on  the  outside,  apparently 
in  consequence  of  accidental  pressure  upon  the  thin  shell. 

Length,  0.55  inch  ;  breadth,  0.49  inch. 

This  shell  is  so  very  nearly  like  L.  Scotica,  Davidson,  from  the  Carbon- 
iferous rocks  of  Scotland,  that  I  cannot,  with  the  present  means  of  com- 
parison, regard  it  as  more  than  distinguishable  as  a  variety  of  that  species. 
Its  chief  differences  consist  in  its  greater  breadth  in  proportion  to  its 
length,  and  the  more  convex  outline  of  its  lateral  margins,  together  with 
the  larger  size  of  its  concentric  lines.  The  former  characters  cause  the 
beak  to  be  rather  distinctly  less  attenuated.  As  I  have  seen  but  a  single 
specimen,  J  have  no  means  of  determining  whether  it  is  the  shorter  or 
longer  valve  from  which  the  figure  and  description  have  been  prepared. 

Locality  and  position, — Lower  part  division  C,  Nebraska  City. 

Genus  OKBICULOIDEA,  d'Orbigny. 
Oebiculoidea,  sp. 

PI.  IV,  Fig.  3. 

I  only  know  this  species  from  an  impression  of  the  outside  of  the  un- 
der valve  in  the  clay  matrix,  with  adhering  portions  of  the  shell,  show- 
ing the  inside.  The  outline  of  the  valve  is  broad  ovate,  the  posterior 
end  being  the  narrower.  It  is  rather  convex  in  the  region  of  the  ai)ex, 
and  flat,  or  even  slightly  concave,  between  that  and  the  anterior  margin. 
The  apex  is  situated  between  the  middle  and  the  posterior  side,  but 
nearer  the  former.  The  surface  is  ornamented  by  very  regular,  distinct 
concentric  strite,  some  of  which  bifurcate  as  they  pass  around  the  sides 
from  the  posterior  toward  the  rather  broadly-rounded  front. 

The  remaining  portion  of  the  shell,  between  the  apex  and  the  poste- 
rior margin,  shows  very  clearly  that  there  is  not  a  slit  passing  through 
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the  valve,  as  in  true  J>i8cinaj  though  there  is  evidently  a  deep  furrow  on 
the  outside  of  the  valve  passing  from  the  apex  a  little  more  than  half-way 
to  the  posterior  margin,  at  which  point  there  was  a  small  round  or  oval 
foramen.  On  the  inside  a  prominent  smoothly-rounded  ridge  (<Z,  of  Fig. 
3)  corresponds  to  the  deep  furrow  on  the  outer  side.  The  shell  is  nuite 
thiu  and  has  the  usual  dark  semi-corneous  appearance  of  Discina.  It  is 
possibly  an  undescribed  species,  but  not  having  the  means  of  fully 
characterizing  it,  I  propose  no  name  for  it  at  present. 

Auterio-posterior  diameter,  0.64  inch  ;  breadth,  0.55  inch. 

LocuUty  and  position. — The  specimen  figured  and  described  was  found 
in  siuiving  a  shaft  on  Hon.  J.  S.  Morton's  place,  one  and  three-quarters 
miles  west  of  Nebraska  City  landing. 

Genus  PKODUCTUS,  Sowerby. 

Productus  costatus,  Sowerby  !?sp. 

PI.  YI,  Fig.  6,  a,  h. 

tProducta  contata,  J.  D.  C.  Sowerby,  1827,  Miii.  Conch.,  PI.  560,  Vol.  VI,  p.  115;  Phillips, 
1836,  Geoh  Yorks.,  11,  p.  213,  Pl.VII,  Fig.  2. 

eoffteUata,  McCoy,  1844,  Synopsis  Carb.  Foss.,  Ireland,  \i.  108,  PI.  XX,  Fig.  15. 

costatuH,  de  Verheuil,  1845,  Geol.  Russ.  et  Ural  Mts.,  Vol.  II,  p.  268,  PI.  XV,  Fig. 

13,  a,  h;  de  Koninck,  1847,  Monogr.  Pml.  PI.  VIII,  Fig.  3,  and  PI.  X,  Fig.  3;  Da- 
vidson, 1860,  Monogr.  Scott.  Carb.  Brach.,  p.  44,  PI.  II,  Figs.  22-24 ;  also  Monogr. 
British  Carb.  Brach.,  p.  152,  PI.  XXX,  Figs.  2-9  ;  Shuniard,  1855,  Missonri  Geol. 
Report,  p.  216 ;  Hall,  1858,  Iowa  Geol.  Report,  Vol.  I,  Part  U,  p.  712,  PI.  XXVUI, 
Figs.  3  and  4. 

PortlwkianuSj  Norwood  &  Pratten,  1854,  Jonm.  Acad.  Nat.  Sci.  Philad.,  Ill,  p. 

15,  PI.  1,  Fig.  9,  o,  6,  c. 

sp.,  Prof.  Henry  D.  Rogers,  1858,  Geological  Report,  Pennsylvania,  Vol.  II,  p.  833, 

Fig.  687. 

Shell  of  medium  size,  wider  than  long,  very  convex ;  hinge  margins 
about  equaling  the  greatest  breadth  of  the  valves.  Ventral  valve  ex- 
ceedingly gibbous,  and  very  strongly  incurved,  with  a  deep-rounded 
sinus  extending  from  near  the  beak  to  the  front,  to  which  it  imparts  a 
sinuate  outline ;  umbo  prominent  and  distinctly  incurved,  so  aB  to  pass 
somewhat  within  the  hinge  margin ;  ears  well-defined,  arched,  and 
rather  distinct  from  the  abrupt  swell  of  the  umbo,  from  which  they  are 
sometimes  separated  by  a  small  ridge  or  fold.  Dorsal  valve  flattened 
in  the  visceral  region,  and  more  or  less  abruptly  curved  or  geniculated 
toward  the  front  and  anterior  lateral  margins,  the  former  of  which 
usually  shows  a  small  mesial  ridge.  Surface  of  both  valves  ornamented 
with  distinct,  rather  unequal,  depressed,  and  rounding  radiating  cost®, 
which  sometimes  bifurcate,  or,  in  other  instances,  two  or  more  of  them 
coalesce  in  front  of  the  visceral  portion,  to  form  a  larger  one ;  crossing 
all  of  these,  on  the  visceral  region,  are  numerous,  well-defined,  regular, 
concentric  wrinkles,  producing  a  distinct  reticulated  appearance,  while 
the  whole  surface  of  the  ventral  valve  is  sometimes  provided  with  a  few 
scattering,  rather  stout,  erect  spines,  somewhat  regularly  arranged  in 
quincunx.  Sometimes  nearly  all  the  spines,  excepting  those  on  the  lat- 
eral regions,  apparently  wanting. 

Length  oi  a  medium-sized  adult  specimen,  1.06  inches;  breadth,  about 
1.40  inches ;  convexity,  about  0.70  inch. 

This  is  the  shell  that  has  been  in  this  country  very  generally  identified 
with  P.  costatus  of  Sowerby,  though  its  identity  with  the  typical  P.  cos- 
tatus may  be  questioned.  At  least  I  have  never  seen  among  thousands 
of  specimens  from  numerous  localities  a  single  example  of  it  presenting 
the  large  costne  and  the  extravagant  forms  sometimes  assumed  by  that 
shell  at  foreign  localities,  such,  for  instance,  as  that  HgureA  on  YL^SN  ^ 
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Fig.  13,  of  the  Geology  of  Eussia.  The  form  under  consideration  is 
quite  constant  in  its  adult  size  and  general  characters.  Its  ribs  van 
more  or  less,  being  often  irregular  in  size,  some  being  rather  distiDctiy 
larger  than  the  others  on  the  anterior  slope,  though  this  character  is  uot 
well  seen  in  the  specimen  figured,  because  the  anterior  edge  of  the  valves 
is  partly  broken  away,  and  the  figures  are  not  drawn  in  postures  to  show 
the  anterior  slope. 

Some  years  since  I  sent  specimens  of  this  shell  to  Mr.  Davidson,  the 
well-known  English  authority  on  the  BrachiopodUj  and  he  wrote  back 
that  he  did  not  think  it  could  be  P.  costattiSj  but  that  he  thought  it  more 
probably  a  small  variety  of  P.  semireticulatus.  This  may  be  true,  and 
yet  it  i&  curious  that  we  find  hundreds  of  specimens  of  this  shell,  often 
directly  associated  with  well-defined  examples  of  P.  semireticulatm^  and 
still  always  readily  distinguished  at  a  glance  by  their  smaller  size  and 
rather  more  unequal  cost«  on  the  anterior  slope.  It  cannot  be  that 
these  are  the  young  of  P.  semireticulatua^  because  they  give  every  evi- 
dence, in  their  gibbous  form  and  produced  front,  of  being  adult  shells. 

Locality  and  position,— -ThQ  specimens  figured  are  from  the  division  B 
of  the  Nebraska  City  section.  We  also  found  this  form  in  what  has  been 
regarded  as  the  same  position  (but  as  we  believe  at  a  higher  horizon), 
two  and  one-half  miles  west  of  Nebraska  City,  at  Wyoming,  and  again 
at  the  horizon  of  bed  B  at  Bennett's  Mill,  and  still  lower  at  Rock  Bluflf, 
Cedar  Bluff,  Plattsmouth,  Bellevue,  Omaha,  and,  in  short,  throughout 
tiie  Coal-Measures  of  all  this  region.  It  likewise  ranges  through  the 
whole  of  the  Coal-Measures  of  Illinois.  Missouri,  Iowa,  &c.,  though  I  am 
not  quite  sure  that  it  occurs  in  any  of  our  Lower  Carboniferous  rocks. 
Professor  Eogers  has  also  figured  apparently  the  same  fossil  from  the 
Coal-Measures  of  Pennsylvania. 

Peoductus  SEMIRETICULATUS,  Martin,  sp. 

PL  Y,  Fig  7  a,  b. 

Anomites  semireticulatuSf  Martin,  1609,  Petref.  Derb.,  p.  7,  PL  XXXII,  Figs.  1,  2,  and  PI. 
XXXUI,  Fig.  4. 

productuSf  Martin,  1809,  ib.,  p.  9,  PL  XXII,  Figs.  1-3. 

Productua  scoticuSf  Soworby,  1814,  Min.  Conch.,  PL  LXIX,  Fig.  3,  and  ib.,  PL  317,  Figs. 

antiquatusy  Sowerby,  1814,  ib.,  p.  15,  Figs.  1-5 ;  Phillips,  1836,  Geol.  Yorks.,  p. 

213,  PL  VII,  Fig.  1. 
aemiretictdatus,  ae  Koninck,  Mon.  Gen.  Prod.,  PL  VIII,  Fig.  1,  and  PL  IX,  Fig. 


1,  and  PL  X,  Fig.  1 ;  also  of  Davidson,  Salter,  and  others. 
Producia  Martini,  Phillips,  18:^,  Geol.  Yorks.,  Vol.  II,  p., 213,  PL  VII,  Fig. 3 ;  de  Koninck, 

1843,  An.  Foss.  Carb.  Belg.,  p.  160,  PL  VII,  Fig.  2. 

pugilis,  Phillips,  1836,  Geol.  Yorks.,  Vol.  II,  p.  215,  PL  VIII,  Fig.  6. 

LepUsna  antiquata,  Fischer,  1837,  Oryct.  du  Gonv.  de  Mosc.,  PL  XXVI,  Figs.  4-5. 

tuhifera,  Fischer,  1837,  ib.,  XX YI,  Fig.  1 ;  (not  Deshayes). 

Productus  Inca,  d^Orbigny,  1843,  Paleont.  Voyage  dans  Am.  Merid.,  Vol.  Ill,  p.  51,  PI. 

IV,  Figs.  1-3. 
Producia  flexistna,  McCoy,  1844,  Carb.  Foss.,  Ireland,  p.  109,  PL  XVII,  Fig.  1. 
Productus  Calhounianu8f  owallow,  1858,  Trans.  St.  Lonis  Acad.  8ci.,  1,  p.  181.* 

This  beautiful,  and  widely  distributed  species  is  too  well  known  to  re- 
quire a  detailed  description  or  any  comparisons.  So  far  as  I  have  been 
able  to  see,  -after  examining  numerous  specimens  from  various  places 
in  our  western  Carboniferous  rocks,  at  different  horizons,  1  am  not  able 
to  see  any  characters  by  which  these  American  shells  can  be  separated 
from  the  well-known  European  P.  semireticulatus. 

*The  foregoing  synonymy  is  adopted  mainly  from  Mr.  Davidson,  Monogr.  Brit.  Carb. 
Brach. 
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I  am  satisfied  that  the  form  described  by  Professor  Swallow,  under 
the  name  P.  CcUhounianuSj  cannot  be  separated  from  P.  semireticulatm ; 
Eit  least  I  know  of  no  well-defined  characters  by  which  it  can  be  dis- 
tdngoished,  although  I  at  one  time  rather  inclined  to  think  it  might  be 
distinct. 

Locality  and  position. — ^Professor  Geinitz  mentions  this  species  among 
the  other  fossils  from  division  0  of  the  Nebraska  City  section,  and  I 
remember  finding  an  imperfect  specimen  of  it  in  that  horizon  at  that  local- 
ity ;  but  it  was  crushed  to  pieces  in  transporting  the  collections  to  Wash- 
ington. It  also  occurs  at  apparently  a  higher  horizon,  2^  miles  west  of 
Nebraska  City.  The  specimen  figured  on  PI.  V  is  firom  division  B  of  the 
Nebraska  City  section,  where  we  found  it  quite  abundant,  as  well  as  at 
Bennett's  Mill,  Wyoming,  &c.  This  large  variety  also  occurs  at  numer- 
ous lower  horizons  in  the  Upper  Coal-Measures  of  Nebraska ;  such,  for 
instance,  as  at  Cedar  Bluff  on  Weeping  Water,  and  Eock  Blufi",  Belle- 
vue,  Omaha,  and  Plattsmouth ;  and  again  at  higher  horizons  at  Brown- 
ville,  Peru,  AspinwaJl,  &c.,  on  the  Missouri,  as  well  as  at  various  locali- 
ties in  the  interior.  It  is  also  common  in  the  Upper  and  Lower  Coal- 
Measures  of  Iowa,  Illinois,  Kansas,  Missouri,  and  south  to  New  Mexico; 
and  it  is  widely  distributed  in  the  Carboniferous  rocks  of  Europe,  South 
America,  India,  &c.  It  is  likewise  common  at  various  horizons  in  our 
western  Lower  Carboniferous  rocks. 

Productus  longhspintjs,  Sowerby  f 
PI.  VI,  Fig.  7,  and  PI.  VHI,  Fig.  6,  a,  6,  c. 

Produehu  langiapinuSy  Sowerby,  1814,  Mineral  Conch.,  Vol.  I,  p.  154,  PI.  LXVIII,  Fipf.  1 ; 
de  Koninck,  1843,  An.  Foss.  Ter.  Carb.  Belg.,  p.  187,  PL  XII,  Fig.  11,  a,  &,  and  PL 
Xn  6U,  Fig.  2 ;  Davidson,  1853,  Introd.  Bnt.  Foss.  Brach.,  PL  IX,  Fig.  221 ;  18G0, 
Monogr.  Carb.  Bracb.,  Scotland,  p.  39,  PL  II,  Figs.  10  to  19. 

Flemtnaiiy  Sowerby,  1814,  Min.  Concb.,  Vol.  I,  p.  154,  PL  LXVHI,  Fig.  2 ;  de 

Koninck,  1847,  Monogr.  Prod,  and  Chonetes,  PL  X,  Fig.  2 ;  Marcoa,  1858,  GeoL 
N.  Am.,  p.  47,  PL  VI,  Fig.  7. 

9pino9us,  Sowerby,  1814,  Min.  Concb.,  VoL  I.,  p.  155,  PL  LXIX,  Fig.  2. 

lohatus,  Sowerby,  1814,  ib..  Vol.  IV,  p.  16,  PL  314.  Figs.  2-6 ;  Von  Buch,  1841, 

Verbandl.  der  Konigl.  Akad.  der  Wissenscb.  zu  Berlin,  Theil,  1,  p.  32.  PL  II,  Fig* 
17;  de  Vem.,  1845,  GeoL  Russ.,  VoL  II,  p.  266,  PL  XVI,  Fig.  3,  PL  XVIII,  Fig.  8. 

90090,  PhiUips,  1836,  GeoL  Yorks.,  VoL  U,  p.  214,  PL  VIII,  Fig.  9. 

copodt,  d^Orbigny,  1843,  Voyage  dans  TAmerique,  Mer.,  Vol.  Ill,  p.  50,  PL  III,. 

Figs.  24-26, 

tubarius,  de  Keyserlinff,  1846,  Petscbora  Land,  p.  208,  PL  IV,  Fig.  6. 

W^aahen9i8f  Norwood  &  Pratten,  1854,  Joor.  Acad.  Nat.  ScL,  Fbilad.,  VoL  III, 

new.  ser.,  p.  13,  PL  I,  Fig.  6. 
tpUndena^tf,  &  P.,  1854,  ib.,  p.  11,  PL  1,  Fig.  5. 


f muricfituSf  N.  &  P.  1854,  ib.,  p.  14,  Fiff. 8,  a,  &,  c,  d, e;  (not  of  Pbillips  and  otbers). 

OrMgnyanuSj  Geinitz,  1866,  Carb.  und  JDyas  in  Neb.,  p.  56,  Tab.  IV,  Figs.  8,  9, 10, 

11 ;  (not  de  Koninck,  1848). 
harridM  Geinitz,  1866,  ib..  Fig.  7 ;  (not  Sowerby,  1822). 

Shell  small,  thin,  wider  than  long ;  hinge  line  generally  longer  than 
the  transverse  diameter  of  the  valves  at  any  point  farther  forward,  and 
terminating  in  more  or  less  distinct,  rather  vaulted,  and  often  slightly 
reflexed  ears;  anterior  and  anterior-lateral  outlines  approaching  a  semi- 
circular curve,  but  the  middle  of  the  front  is  generally  rather  distinctly 
sinuous.  Ventral  valve  gibbous,  the  greatest  convexity  being  usually 
behind  the  middle,  and  the  curve  to  the  beak  more  rapid  than  to  the  . 
front,  provided  witn  rather  deep  mesial  sinus ;  posterior-lateral  slopes 
descending  nearly  vertically  to  the  cars ;  umbonal  region  moderately 
prominent,  and  usually  projecting  rather  distinctly  beyond  the  hinge, 
as  seen  in  looking  down  upon  the  shell  when  lying  with  the  dorsal  vaW^ 
beneath ;  beak  small^  strongly  carved,  bnt  scarcely  passing  );)e^0Ti^\K<^ 

jgr.  Ex.  la — 11 
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cardinal  margin:  surface  ornamented  with  generally  rather  obscure, 
somewhat  vanaole  radiating  costsB,  which  are  often  obsolete  in  the 
nmbonal  region,  or  in  some  examples  over  much  of  the  valve  farther 
forward,  in  other  specimeni^  quite  distinct  to  the  beak,  sometimes  bi- 
furcating, and  in  other  instances  coalescing  to  form  larger,  fiiintly- 
defined  ribs  in  front ;  fine  indistinct  marks  of  growth  are  also  some- 
times seen,  and  occasionally  very  obscure  traces  of  small,  concentric 
wrinkles  may  be  observed  near  the  beak;  spines  stout,  erect,  long, 
scattering,  and  arranged  in  quincunx.  Ventral  valve  distinctly  concave, 
or  following  nearly  the  curve  of  the  other,  and  provided  with  a  small 
mesial  ridge  corresponding  with  the  sinus  of  the  latter ;  surface  marked 
as  in  the  other  valve,  but  apparently  always  without  spines. 

Length  of  a  medium-sized  adult  specimen,  0.41  inch ;  breadth,  0.61 
inch ;  convexity,  0.30  inch. 

I  follow  Mr.  Davidson  in  referring  this  little  shell  to  P.  langUpinus  of 
Sowerby,  a  conclusion  arrived  at  by  him  after  a  comparison  of  authentic 
specimens  sent  from  Illinois  by  Mr.  Worthen,  from  some  of  the  original 
localities  of  P.  splendens  and  P.  WabcishenaiSy  N.  &  P.  At  first  I  was 
in  some  doubt  whether  or  not  our  Nebraska  shell  is  identical  with  the 
P.  WabashensiSj  on  account  of  the  costse  being  represented  so  fine,  dis- 
tinct, and  regular,  and  with  so  few  spine  bases,  on  Norwood  &  Prat 
ten's  figures,  but  on  comparison  with  good  specimens  of  that  species 
from  their  original  locality,  1  am  entirely  convinced  that  our  shell  is  in 
all  respects  identical,  the  figures  of  P.  Wabcishemia  alluded  to  being 
quite  defective  in  representing  the  costae,  as  stated  above.     • 

In  regard  to  the  identity  of  this  shell  with  P.  Orbignyij  I  am  compelled 
to  differ  from  Professor  Geinitz.  I  am  also  satisfied,  as  elsewhere 
stated,  that  the  little  shell  figured  by  Professor  Geinitz  under  the  name 
P.  IwrridtLs  on  his  PI.  IV  (Carb.  nnd  Dyas.  in  Nebraska),  and  copied  on 
our  Plate  VIII,  Fig:  6,  5,  c,  is  nothing  but  a  young  individual  of  the 
species  under  consideration.  As  already  stated,  this  shell  varies  much 
in  the  distinctness  of  its  costse,  which  are  usually  rather  obscure.  It  is 
but  necessary  to  examine  a  few  good  specimens  to  see  by  their  smooth, 
non-costate  umbonal  region,  that  they  often  attain  a  size  even  greater 
than  that  he  has  referred  to  P.  JiorriduSj  without  showing  the  slightest 
traces  of  radiating  costae.  Indeed,  some  individuals  of  mature  size 
show  but  faint  indications  of  ribs  even  near  the  front  margin,  while  the 
various  individuals  present  every  intermediate  gradation  in  this  char- 
acter between  these  and  the  most  distinctly  ribbed  specimens.  In 
addition  to  this,  the  extreme  improbability  of  there  being  in  these  rocks 
a  large,  conspicuous  species  like  P.  horndm^  when  no  traces  of  such  a 
shell  have  ever  been  seen  among  all  the  vast  collections  that  have  been 
obtained  from  them  throughout  the  great  area  in  which  they  occur  in 
the  West,  would  alone  be  a  sufficient  reason  for  rejecting  the  conclusion 
that  such  a  mere  mite  as  this  is  the  young  of  that  species.  But  the 
necessity  for  such  an  improbable  conclusion  is  entirely  removed  by  the 
fact  that  this  specimen  was  found  associated  with  a  very  common  and 
abundant  species,  the  young  of  which  evidently  agrees  exactly  with  it. 

Locality  and  position, — Nebraska  City,  division  0  (Geinitz) ;  also  in  B 
at  that  place,  Wyoming,  Bennett's  Mill,  and  lower  at  Bock  Bluff,  Cedar 
Bluff,  Pjattsmouth,  Bellevue,  and  Omaha — in  short,  this  species  is  found 
almost  everywhere  and  at  nearly  all  horizons  in  the  Upper  Coal-Measures 
of  Nebraska,  and  in  the  upper,  m  iddie,  and  lower  divisions  of  Iowa,  Illinois, 
Kansas,  Missouri,  &c.  We  have  no  good  specimens  of  it  from  division 
C  at  Nebraska  City,  and  consequently  reproduce  Professor  Geinit^'s 
fi^rores  of  individuals  from  that  bed.    We  have  good  examples  of  it, 
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lowever,  from  division  B  at  Nebraska  City,  and  the  other  localities 
nentioned  above. 

Productus  Pratteniantjs,  Norwood. 

PI.  II,  Pig.  5,  a,  by  c;  PI.  V,  Fig.  13;  and  PI.  Vin,  Fig.  10,  a,  b. 

)nductua  Bemireiiculatwi,  Hall,  1852,  Stansbury's  Salt  Lake  Report,  p.  411,  PI.  Ill,  Figs. 

4  and  5 ;  (not  Martin,  sp.,  1809). 
Prattenianu9j  Norwood,  1854,  Joor.  Acad.  Nat.  Sci.  Phllad.,  Vol.  Ill,  new  ser.,  p. 

17,  PI.  I,  Fig.  10.  a,  6,  c,  d. 

ctquicostatuSy  Shumard,  1855,  Missouri  Geol.  Report,  p.  201,  PI.  C,  Fig.  10. 

cora,  Marcou,  1855,  Geol.  N.  Am.  PI.  VI,  Figs.  4  and  4  a;  (not  d'Orbignv). 

Flemingiij  Geinitz,  1866,  Carb.  und  Dyas  in  Neb.,  p.  52,  Tab.  IV,  Figs.  1, 2,  3,  4  ; 

(not  Sowerby,  1814). 

CiUhounianus,  Geinitz,  1866,  id.,  p.  81 ;  (not  Swallow,  1858). 

KonimckianuBj  T  Geinitz,  186i6,  t6.,  p.  5:3,  Tab.  IV,  Fig.  5,  a,  b  ;  (not  de  Vem.  1845). 

Shell  attaining  a  medium  size ;  breadth  generally  exceeding  the  length, 
pecially  when  the  cars  are  entire;  cardinal  margin  usually  somewhat 
iger  than  the  transverse  diameter  of  the^valves  at  any  point  farther 
'ward;  anterior  and  anterolateral  outline  regularly  rounded.  Yentral 
Ive  distinctly  and  rather  evenly  convex,  and  without  any  traces  of  a 
isial  sinus;  umbonal  region  gibbous;  beak  incurv^ed,  but  scarcely 
ssiug  the  hinge  margin ;  ears  large,  rather  compressed,  and  provided 
th  a  few  large,  strongly  defined,  concentric  folds,  which  ascend  a  little 
on  the  sloping  sides  of  the  umbo,  and  extend  more  or  less  along  the 
sterior  lateral  margins,  but  never  cross  the  beak,  central  region,  nor 
•nt;  surface  ornamented  with  rather  small,  regular,  rounded  costaB  or 
iae,  and  armed  with  stout,  erect,  long  spines,  usually  arranged  over 
3  whole  valve  in  quincunx,  while  one  or  two  rows  alougthehinge  margin 
J  more  crowded,  larger,  and  in  part  directed  backwards,  with  an 
f  ard  curve.?  Dorsal  valve  concave,  sometimes  a  little  flattened  in  the 
iceral  region,  and  following  the  curve  of  the  other  valve  around  the 
•nt  and  anterior  lateral  margins;  ears  with  folds  as  in  the  other  valve, 
d  each  separated  from  the  concave  central  region  by  an  oblique  ridge 
prominence;  surface  without  spines,  but  with  radiating  striae  as  in 
3  ventral  valve,  and  usually  crossed  by  very  obscure  concentric 
inkles  and  a  few  em bricatlng  concentric  marks  of  growth,  particularly 
»r  the  front  and  sides;  cardinal  process  small,  but  slightly  prominent, 
d  bifid,  while  from  its  base  a  slender  linear  mesial  ridge  extends  for- 
rd  to,  or  a  little  beyond,  the  middle.  Muscular  and  reuiform  impres- 
ns  very  obscure  or  obsolete  in  the  specimens  examined. 
Liength  of  a  well-developed,  medium-sized  specimen,  1.40  inches; 
^adtb,  1.47  inches;  convexity,  about  0.85  inch. 

This  species  has  been  often  referred  to  P.  cora^  d'Orbigny,  from  which, 
wrever,  it  diflfers  (especially  from  the  form  referred  to  that  species  by 
Topean  authors)  in  its  greater  convexity,  mor6  extended  hinge,  and 
ich  longer  and  stouter  spines.  It  likewise  differs  from  d'Orbigny's 
ginal  figure  of  the  South  American  type  of  that  species,  given  in  his 
leont.  Voyage,  dans  PAmerique  Meridionale,  PI.  5,  in  several  im- 
rtant  characters.  The  fact,  however,  that  M.  de  Koniuck  and  others 
er  a  European  form  to  d'Orbigny's  species,  also  diftering  widely  from 
)  figures  of  the  South  American  shell  alluded  to,  after  having  seen 
^rbigny's  typical  specimens,  shows  that  he  must  have  figured  it  iucor- 
tly,  and  that  we  should  possibly  look  more  to  the  figures  given  by 
.  Davidson  and  M.  de  Koninck  of  the  European  form  compared  with 

In  a  few  specimens  they  seem  to  be  wanting  over  the  greater  part  of  l\ift  tcloi^  eoM- 
region  of  the  valva 
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d'Orbigny's  typical  specimeos,  than  to  his  own  figures,  in  forming  an 
idea  of  the  true  characters  of  P.  cora. 

Professor  Geinitz  has  referred  the  si)ecies  under  consideration  in  part 
to  P.  Flemingiij  of  Sowerby,  which  Mr.  Davidson  says,  after  seeing 
Sowerby's  type  of  that  supposed  species,  was  founded  upon  a  bad  speci- 
men of  the  common  P.  longispimis.    Some  of  the  young  individuals  of 
P.  Prattenianus  look  more  or  less  like  P.  longispintis,  but  it  is  only 
necessary  to  have  a  good  series  of  the  Nebraska  shell,  of  various  sizes, 
for  comparison,  to  be  convinced  that  it  is  entirely  distinct  from  P. 
longispinus.    1  am  also  compelled  to  differ  from  Professor  Geinitz,  in 
regard  to  the  shell  represented  by  Fig.  5,  PL  IV,  of  his  Carb.  und 
Dyas,  being  the  P.  KoninckianuSy  de  Verneuil,  a  much  smaller  species, 
with  a  more  prominent  umbo,  and  a  distinctly  shori:er  hinge.    To  me, 
the  shell  figured  under  this  name  by  Professor  Geinitz  seems  to  agree 
exactly  with  the  usual  adult  characters  of  P.  Prattenianus^  but  in  order 
that  others  may  have  the  means  of  forming  their  own  conclusions  on 
this  point,  1  have  given  a  copy  of  Professor  Geinitz's  figure  (the  ears  of 
which  I  have  restored  in  outline),  and  for  comparison  a  copy  of  Mi, 
Davidson's  figure  of  P.  KoninckianuSjfrom  his  Monogr.  Brit.  Carb.  Brach., 
PI.  LIII,  Fig.  7,  natural  size.    Mr.  Davidson's  figure  was  drawn  fix)m  a 
British  specimen;  but  in  the  prominence  of  its  beak  and  the  shortness 
of  its  hinge,  M.  de  Koninck's  figure  of  a  Belgian  specimen  of  P. 
KonincManus  (under  the  name  P.  cancrinij  but  now  generally  regarded 
as  the  same  as  P.  Koninclcianus)  differs  in  a  more  marked  degree  than 
Mr.  Davidson's.    The  only  figures  I  have  seen  of  a  Russian  specimen  of 
P.  Koninclcianus  are  those  given  by  Count  Keyserling,  in  his  Petschora 
Land,  Tab.  IV,  Fig.  4,  a,  6,  c.    These  also  show  the  umbo  to  be  extremely 
prominent,  and  look  in  all  respects  quite  unlike  the  Nebraska  shell.    It 
is  also  worthy  of  note  that  all  of  these  authors  both  figure  and  describe 
the  P.  KonincManus  as  a  neat,  pretty  little  species  of  the  size  of  Mr. 
Davidson's  figure,  copied  for  comparison  on  our  Plate  V,  Fig.  15,  a,  6,  c 

Having  only  crushed  and  imperfect  specimens  of  this  shell  from  division 
C  of  the  Nebraska  City  section,  I  have  given  on  PL  VIII,  among  the 
other  fossils  from  that  horizon,  copies  of  two  of  the  figures  of  this  shell, 
published  by  Professor  Geinitz  in  his  Carb.  und  Dyas,  PI.  IV. 

Locality  and 'position. — Divisions  0  and  B  of  the  Nebraska  City  section 
at  that  place,  and  in  division B  at  Bennett's  Mill;  also  at  lower  horizons 
at  Cedar  Bluff,  Plattsmouth,Belle\nie,  Omaha,  and,  in  short,  at  numerous 
other  localities  in  the  Upper  Coal-Measures  of  Nebraska^  Kansas,  and 
Iowa,  and  in  both  Upper  and  Lower  Coal-Measures  of  Illinois. 

Pboductus  PEBTENUis,  Meek, 
PI.  I,  Fig.  14,  a,  6,  c,  and  PL  VIII,  9  a,  6,  c,  d. 

Producius  cancrinif  Geinitz,  1866,  Carb.  und  Dyas  in  Neb.,  p.  54,  Tab.  IV,  Pig.  6,  a,  6,  c,  d; 
(not  Mnrch.  de  Vern.  and  Keys.,  Geol,  Boss.,  Vol.  II,  part  Paleont.,  Fl.  XVI,  Fig. 
8,  a,  b,  c,  and  PL  XVUI,  Fig.  7). 

Shell  small,  very  thin,  truncato-snbhemispherical ;  sides  and  finont 
regularly  rounded;  hinge  line  usually  rather  less  than  the  greatest 
breadth  of  the  valves.  Ventral  valve  without  any  traces  of  a  mesial 
sinus,  moderately  gibbous,  the  greatest  convexity  being  slightly  behind 
the  middle,  from  which  point  it  rounds  off  in  all  directions,  but  most 
abruptly  to  the  beak  and  ears,  which  latter  are  flattened  and  snbrectan- 
gular;  beak  small,  slightly  prominent,  and  but  little  incurved  beyond 
the  hinge  line ;  surface  with  fine,  regular,  radiating  stri®,  crossed  by 
Bmal],  rather  distinct  and  regular,  concentric  wrinkles,  which  latter  are 
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generally  most  strongly  defined  on  the  ears ;  over  the  whole  there  are 
also  regolarly  arranged  in  quincunx,  very  slender  spines,  0.20  to  0.30 
inch  in  length,  rising  from  slight  prominences  or  swellings  of  the  radiat- 
ing striae.  Dorsal  valve  distinctly  concave,  or  following  nearly  the 
curvature  of  the  other  valve,  its  greatest  concavity  being  in  the  central 
region,  while  its  ears  are  nearly  flat ;  surface  with  concentric  wrinkles 
and  radiating  strise  as  in  the  other  valve,  but  apparently  without  spines, 
though  a  series  of  rather  distinct  pits  are  arranged  over  it  in  the  same 
order  as  the  spines  of  the  other  valve. 

Length  of  one  of  the  largest  specimens  seen,  0.46  inch;  breadth,  0.57 
inch ;  convexity,  about  0.24  inch. 

I  have  known  this  little  shell  since  1858,  but  had  never  been  able  to 
identify  it  with  any  of  the  known  species,  nor  yet  to  feel  sure  that  It  was 
new,  and  consequently  left  it  without  a  name  in  the  Kansas  collections, 
fearing  it  might  be  the  young  of  some  of  the  larger  analogous  forms. 
The  comparisons,  however,  that  I  have  recently  had  an  opportunity  to 
make,  of  a  series  of  specimens  from  different  localities,  have  satisfied  me 
that  it  most  be  an  adult  shell,  and  as  it  cannot  be  properly  identified 
with  any  of  the  described  species,  so  far  as  yet  known,  1  have  ventured 
to  regard  it  as  new. 

Professor  Geinitz  has  referred  it  to  P.  cancrini  of  M.  V.  &  K.,  which 
it  certainly  resembles  quite  closely  in  some  of  its  characters.  But  its 
dorsal  or  smaller  valve  ^ventral  of  some  authors)  is  certainly  distinctly 
concave^  particularly  in  tne  visceral  region,  while  this  valve  in  P.  cancrini 
is  described  as  having  its  ^^  disk  entirely  flat."  It  is  an  exceedingly  thin 
shell,  and  the  concavity  of  the  smaller  valve  follows  so  closely  the  "curve 
of  the  other,  that  the  space  occupied  by  the  soft  parts  of  the  animal  was 
very  contracted. 

As  the  only  spe<;imens  in  the  collection  under  investigation  from  divi- 
sion C,  of  Nebraska  City,  are  in  a  crushed  condition,  I  have  reproduced 
the  figures  9,  a,  6,  PI.  VIII,  given  by  Professor  Geinitz.  Fig.  14,  a,  6, 
of  PI.  I,  however,  are  from  a  specimen  obtained  at  another  locality. 

Locality  and  position. — Division  C,  of  Nebraska  City  sectiou,  and 
from  a  shaft  at  that  place,  possibly  below  that  horizon  ;  also  at  Brown- 
ville,  Nebraska,  and  a  lower  position  at  Atchison,  Kansas.  We  likewise 
found  it  in  1858  in  the  Upper  Coal-Measures  on  Grasshopper  Creek, 
twelve  miles  west  of  Leavenworth,  Kansas. 

Product  us  Nebrascensis,  Owen. 

PI.  II,  Fig.  2 ;  PI.  IV,  Fig.  6 ;  and  PI.  V,  11  a,  6,  c. 

Productua  XebrasccnsiSj  Owen,  1852,0601.  Report,  Wisconsin,  Iowa,  and  Minnesota,  p.  584, 

PI.  V,  Fig.  3»;  18G7,  McChesney,  Trans.  Chicago  Acad.  Sci.  1,  p.  24,  PL  I,  Fig.  7. 
Boffersiij  Norwood  &  Pratten,  1854,  Joar.  Acad.  N.  8.  Philad.,  Vol.  Ill,  new 

series,  p.  9,  PL  I,  Fig.  3,  a,  6,  c;  HaU,  1856,  Vol.  Ill,  Pacific  li.  R.  Report,  p.  104, 

PL  U,  Figs.  14, 15. 
asper,  McChesney,  18C0,  Descr.  New  Palaeozoic  Fossils,  p.  34 ;  also  illustrations 

same,  1865,  PL  I,  Fig.  7  a,  6. 
8tropkalo9ia  h^trrescens,  Geinitz,  1866,  Corb.  nnd  Dyas  in  Neb.,  p.  81 ;  (not  March,  de  Vem. 

and  Keyserling,  1845). 

Shell  of  about  medium  size,  approaching  subheraispherical ;  length 
most  usually  a  little  less  than  the  breadth ;  hinge  line  nearly  or  quite 
equaling  the  greatest  transverse  diameter;  anterior  outline  nearly 
straight,  or  a  little  sinuous  near  the  middle,  rounding  into  the  lateral 


*  This  figure  is  very  imperfect  and  gives  no  idea  of  the  sor&ce  chortiAteiX^  ol  \\i<^ 
species. 
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margins,  which  are  generally  rather  straight  posteriorly,  and  ranging 
at  an  angle  of  from  ninety  to  about  one  hundred  degrees  with  the  hinge; 
ears  nearly  rectangular,  or  a  little  rounded  in  outline,  at  their  immedmte 
extremities. 

Ventral  valve  rather  convex,  most  gibbous  behind  the  middle,  thence 
rounding  regulai^ly  to  the  front  and  more  abruptly  to  the  beak,  gener- 
ally with  a  moderately  distinct  mesial  sinus ;  posterior  lateral  slopes 
descending  almost  vertically  to  the  ears;  umbonal  region  gibbous,  and 
with  the  strongly  incurved  beak  projecting  beyond  the  hinge  line. 

Dorsal  valve  somewhat  flattened  in  the  visceral  region,  but  most  con- 
cave near  the  beak  and  toward  the  anterior  lateral  regions,  the  con- 
cavity widening  rapidly  forward,  so  as  to  leave  a  kind  of  broad,  obscure, 
oblique  ridge  between  it  and  the  flattened  ears,  and  another  in  the  mid- 
dle ;  anterior  and  lateral  margins  following  the  curvature  of  the  other 
valve ;  cardinal  process  prominent,  bifid,  and  rather  narrow ;  interior 
with  mesial  ridge,  narrow,  well  defined,  extending  forward  beyond  the 
middle,  and  a  little  bifid  at  its  connection  with  the  base  of  the  cardinal 
process ;  muscular  and  reniform  impressions  obscurely  marked ;  interior 
surface  with  numerous  pustular  projections  which  are  most  prominent 
and  pointed  on  a  belt  around  near  the  anterior  and  lateral  margins. 

Surface  of  ventral  valve  with  more  or  less  defined,  rather  broad  con- 
centric undulations,  and  obscure  striae  of  growth,  over  the  whole  of 
which  are  arranged  two  sets  of  spines,  connected  at  their  bases  with 
short  interrupted  ribs  or  elongated  tubercles.  One  of  these  sets  con- 
sists of  small,  short,  appressed  spines,  and  the  other  of  stout,  more 
erect,  long  ones.  Surface  of  dorsal  valve  with  small  concentric  ridges 
and  striae,  with  many  little  pits ;  spines  nearly  or  quite  all  small,  short 
and  appressed. 

Some  cx>nfusion,  in  regard  to  the  limits  and  relations  of  this  species, 
has  arisen  from  the  diflerences  presented  by  specimens,  as  broken  from 
a  hard  limestone  matrix,  and  tbe  perfect  shell  as  found  weathered  out 
of  clay  or  soft  shale.  In  the  former  ca^e  the  spines,  and  nearly  or  quite 
all  of  the  shell,  are  usually  left  in  the  matrix  while  the  internal  cast, 
when  thus  denuded,  shows  the  concentric  undulations  and  longitudinal 
ridges  or  elongated  pustules,  more  strongly  defined,  with  little  indica- 
tions of  the  spines.  On  the  contrary,  specimens  from  clay  or  shale  are 
often  found  with  the  shell  entire,  and  preserving  the  spines  in  a  more  or 
less  perfect  condition,  so  as  to  obscure,  to  some  extent,  the  little  inter- 
rupted ribs  and  concentric  undulations. 

The  specimens  first  described  by  Dr.  Owen,  as  I  know  from  a  careful 
examination  of  his  types,  kindly  loaned  to  me  by  his  brother,  Professor 
Richard  Owen,  are  from  limestone  and  only  show  traces  of  the  spines. 
Partly  from  this  fact,  and  probably  in  part  from  an  error  of  the  engraver, 
Dr.  Owen's  published  figure  gives  a  very  incorrect  idea  of  the  shell, 
though  his  description,  and  comparison  with  P.  Huniboldti^  when  taken 
in  connection  with  the  locality  from  which  his  specimen  was  obtained 
(Bellevue,  Nebraska),  would  satisfy  any  one,  familiar  with  the  fossils  of 
that  region,  that  he  must  have  had  before  him  the  form  under  consid- 
eration, even  if  his  original  types  were  lost. 

The  specimen  upon  which  the  species  P.  Rogersii  was  proposed,  which 
I  have  also  had  an  opportunity  to  examine,  through  the  kindness  of 
Professor  McChesney,  to  whom  it  belongs,  is  also  an  internal  cast  show- 
ing the  rib-like  pustules  and  concentric  undulations  very  clearly,  but 
without  any  traces  of  the  spines. 

The  specimens  upon  which  Professor  McChesney  proposed  the  species 
P.  asper  are  well  preserved  and  retain  much  of  the  spines.    I  have  not . 
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seen  these  identical  specimens,  however,  but  have  had  an  opportunity 
to  examine  a  large  collection,  consisting  of  several  hundred  individuals, 
belonging  to  Professor  Powell,  of  Bloomington,  Illinois,  from  the  same 
locality  and  position  at  Lasalle,  of  that  State.  From  these  and  numerous 
others,  in  all  conditions,  I  have  seen  from  various  localities  in  the  West, 
1  have  no  hesitation  in  regarding  P.  dSfper  as  also  synonym  of  P.  Nehras- 
censis. 

Professor  Geinitz  was  certainly  in  error  in  referring  this  shell  to  Stro- 
phalosia  horrescenSj  since  it  is  positively  not  a  StropJuilosia  at  all,  but  a 
true  ProductuSj  as  may  be  seen  by  the  figures  on  plate  V.  It  never  has 
any  traces  of  the  cardinal  area  of  the  genus  Straphalosiaj  as  I  know 
fix)m  a  careful  examination  of  hundreds  of  well-preserved  specimens, 
its  cardinal  margin  being  linear,  as  may  be  seen  by  Fig.  11,  c,  of  Plate 
V.  By  comparing  this  with  Fig.  14  of  the  same  plate,  representing 
Strophalosia  horrescenSj  from  Professor  .Geinitz's  work  on  the  German 
Permian  fossils  (Dyas),  the  external  difference  between  this  genus,  and 
Strophalosia^  will  be  at  once  seen  by  the  student,  the  latter  genus  having 
a  cs^inal  area,  (marked  a  in  the  figure.)  The  presence  of  an  area  alone, 
however,  is  not  always  a  sufiicient  distinction,  since  there  is,  in  some  very 
rare  instances,  an  abnormally  developed  area  in  true  Productus.  The 
total  absence  of  cardinal  teeth  and  sockets,  however,  in  the  latter  genus 
clearly  separates  these  types.  That  P.  Nebra^censis  is  entirely  destitute 
of  any  traces  of  hinge  teeth  is  well  known  to  all  in  this  country  who 
have  examined  the  interior  of  this  shell.  Figure  11  6,  of  Plate  V,  rep- 
resents the  hinge  and  interior  of  a  dorsal  valve  of  this  species,  and 
shows  it  to  be  entirely  without  sockets  for  the  reception  of  teeth. 

P.  yebraseensis  is  evidently  very  similar  to  P.  scabriculus  of  the  Old 
World,  even  to  the  bifurcation  of  the  internal  mesial  ridge  of  the  dorsal 
valve.  It  differs,  however,  in  having  two  very  distinct  sets  of  spines, 
the  one  small  and  appressed,  and  the  other  stout,  erect,  and  long. 
(See  Fig.  11  d,  PI.  V.) 

Locality  and  position. — Professor  Geinitz  mentions  this  shell  from 
divisions  C  and  B  of  the  Nebraska  City  section.  I  have  only  seen  frag- 
ments of  it  from  division  0  at  this  locality,  though  we  have  it  from 
division  B  at  that  place,  Wyoming,  Bennett's  Mill,  &c.}  and  from  lower 
positions  at  Bock  Bluff,  Plattsmouth,  Bellevue,  Omaha,  and  numerous 
other  localities  in  Nebraska  as  well  as  Iowa,  Illinois,  Missouri,  Kansas, 
&c.  In  short  it  is  a  widely  distributed  Coal-Measure  species,  from 
Nebraska  to  New  Mexico,  and  from  the  Eocky  Mountains  eastward  to 
West  Virginia. 

Productus  symmetricus,  McChesney. 
PI.  V,  Fig.  6,  a,  b;  and  PI.  VIH,  Fig.  13.  v 

Productu9  9ymmetricu9j  McChesney,  1860,  DescriptionB  New  PalaBOzoic  Fossils,  p.  35; 
1865,  illustrations  of  same,  PI.  I,  Fig.  9,  a,  b;  1866,  Trans.  Chicago  Acad.  Sci.,  1, 
p.  25,  PI.  I,  Fig.  9. 

Shell  of  medium  size,  suborbicular,  or  a  little  wider  than  long;  hinge 
line  somewhat  less  than  the  greatest  breadth ;  sides  rounding  regulady 
to  the  front,  which  is  rather  broadly  rounded  in  outline ;  ventral  valve 
somewhat  compressed,  or  only  moderately  convex,  without  any  traces 
of  a  mesial  sinus ;  ears  compressed  but  not  abruptly  separated  from  the 
swell  of  the  umbo,  obtusely  angular  or  a  little  rounded  at  the  extremi- 
ties ;  beak  moderately  large,  incurved,  but  not  curing  much  within  the 
hinge  margin.  Dorsal  valve  rather  evenly,  and  only  moderately  con- 
cave, cardinal  process  slender,  prominent,  curved,  ttifiid,  t\\^  m\v\!i)\^ 
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division  more  prominent  than  the  others,  and  emarginate  at  its  extremity, 
the  emargination  being  caused  by  a  distinct  mesial  farrow  that  extends 
the  entire  length  of  the  process  5  muscular  scars  somewhat  convex, 
rather  distinct  in  well-preserved  si)ecimens,  and  divided  by  a  slender, 
simple  mesial  ridge,  extending  from  the  base  of  the  cardinal  process 
about  three-fourths  of  the  way  to  the  front ;  whole  interior,  excepting 
the  region  of  the  muscular  scars,  roughened  by  little  pustular  projec- 
tions which  become  more  prominent  near  the  anterior  and  anterior-lat- 
eral margins.  Surface  of  both  valves  ornamented  by  small,  rather  ob- 
scure, and  more  or  less  regular  concentric  wrinkles,  and  covert  by 
numerous  small,  short,  rather  appressed  spines,  which  are  larger  on  tlie 
ventral  valve,  where  they  are  often  connected  with  little,  somewhat 
elongated  tubercles. 

Length  of  a  well-developed    specimen,  1.37  inches;  breadth,  L45 
inches ;  convexity,  0.70  inch. 

This  shell  will  be  readily  distinguished  from  the  last  by  its  less  con- 
vex ventral  valve,  without  any  mesial  sinus,  by  its  smaller  concentnc 
wrinkles,  and  particularly  by  ha\ing  its  spines,  consisting  of  a  single  se- 
ries of  small,  rather  depressed  ones,  instead  of  a  large,  stout,  erect 
series,  and  another  small,  depressed  series.  Its  cardinal  process  also 
differs  in  being  trifid,  and  its  internal  ridge  of  the  dorsal  valve  in  being 
simple  instead  of  bifid  near  the  base  of  the  cardinal  process.  The  most 
striking  differences,  however,  observable  on  comparing  good  specimens, 
consist  in  the  differences  of  form  mentioned,  and  the  two  sets  of  spines 
in  the  Nebrascensis. 

Among  European  species  this  shell  is  perhaps  most  nearly  like  P. 
scabriculuSj  which  it  rather  nearly  resembles  in  most  of  its  characters. 
It  differs,  however,  in  having  no  traces  of  a  mesial  sinus,  in  its  finer  and 
more  distinct  concentric  wrinkles,  and  particularly  in  its  distinctly  trifid 
cardinal  process,  and  the  simple  mesial  internal  ridge  of  its  dorsal  valve; 
that  of  scahriculm  being  like  Owen's  NehrascensiSj  bifurcated  near  the 
base  of  the  cardinal  process. 

It  was  probably  imperfect  specimens  of  this  and  the  last-described 
species  that  Professor  Greinitz  and  others  have  referred  to  P.  pustulastu 
and  P.  scabriculusy  from  the  outcrops  at  Bellevue  and  Plattsmouth;  at 
least  these  two  forms  are  more  like  those  two  foreign  species,  than  any 
others  known  to  me  from  the  rocks  of  that  region.  They  are  both 
clearly  distinct  species  from  P.  ptistulosus  and  P.  scdbricuUtSj  however. 

Locality  and  position. — Professor  Geinitz  did  not  find  this  si)ecies  in 
Professor  Marcou's  collections  from  division  C,  of  the  Nebraska  City  sec- 
tion. We  found  several  fragments  of  it,  however,  in  that  bed  at  Nebraska, 
City,  as  well  as  at  an  apparently  higher  horizon  2 J  miles  west  of  there; 
and  the  distorted,  but  nearly  entire  individual,  figured  on  PI.  VIII,  Fig. 
13,  came  from  division  C,  at  Nebraska  City  Landing.  We  also  have 
imperfect  specimens  of  it  from  division  B,  at  that  place  and  Bennett's 
Mill ;  also,  from  Peru,  and  from  lower  positions,  three  or  four  miles  up 
Platte  River,  and  from  Bellevue,  and  numerous  other  localities  in  the 
Upper  Coal-Measures  of  Nebraska  and  Kansas.  It  likewise  occurs  at 
the  same  horizon  in  Iowa,  Missouri  and  Illinois,  as  well  as  in  the  Lower 
Coal-Measures  of  the  last-mentioned  State. 
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Producttjs  punctatus,  Martin,  sp. 
PL  n,  Fig.  6,  and  PL  IV,  Fig.  5. 

AtmUa  punctatus,  Martin,  1809,  Petref.  Derb.,  PI.  XXXVII,  Fig.  6 ;  (not  7  and  8). 
Trig(mia  rugaea,  Parkinson,  1811,  Orcanic  remains,  Vol.  Ill,  PI.  XII,  Fig.  11. 
Anomta  thecariua,  Schloth.,  Nachtr.  zur  Potref.,  II,  p.  63,  PI.  XIV,  Fig.  1. 
Pnductus  punctatus,  J.  Sowerby,  1822,  Min.  Conch.,  p.  22,  Tab.  323 ;  Von  Bnch,  1841, 
Abhandl.  der  K.  Akad.  der  Wissensch.  zn  Berlin,  Theil  1,  PI.  II,  Figs.  10,  11 : 
de  Ken.,  1843,  An.  Foes.  Carb.  Belg.,  p.  196,  PI.  X,  Fig.  2  ;  and  1847,  Mong.  Qen. 
Productus,  PI.  Xn,  Fig.  2 ;  de  Veraeail,  1845,  Russia  and  Ural  Mts.,  Vol.  II,  p. 
276,  PL  XVI,  Fig.  11;  Davidson,  1860,  Scottish  Carb.  Brach.,  p.  42,  PI.  IV,  Fig. 
20;  and  Monogr.  Brit.  Carb.  Brach.,  p.  172,  PI.  XLIV,  Figs.  9-16. 

Mmt/wiicea^iM,  Shephard,  1838,  Am.  Jour.  Sci.,  Vol.  XXXIV,  Fig.  9. 

Froducta  punctata,  PhiUips,  1836,  Geol.  Yorks,  p.  215,  Vol.  II,  PI.  VIII,  Fig.  10. 
L^ttena  sulcata,  Fisher,  1837,  Oryct.  Mosc,  PI.  XXIII,  Fig.  2 ;  (not  Sowerby). 
Fnductus  ooncentricus,  Potiez  et  Michaud.,  1844,  Galer.  des  Moll,  da  Mus.  de  DomCi,  Vol. 
n,  p.  25,  PI.  XLI,  Fig.  1. 

tuhulospinus,  McCbesney,  1860,  Descrip.  New  PaL  Foss.,  p.  37 ;  also  1865,  illostra- 

tions  of  same,  PL  I,  Figs.  10  and  11. 

Shell  attaining  a  rather  large  size,  thin,  varying  from  rotnndato-snb- 
quadrate  to  longitudinally  subovate,  being  sometimes  wider  than  long, 
and  in  other  examples  longer  than  wide,  with  all  intermediate  forms ; 
hinge  margin  always  shorter  than  the  greatest  breadth  of  the  valves; 
anterior  outline  regularly  rounded,  or  faintly  sinuous  in  the  middle. 
Ventral  valve  more  or  less  gibbous,  with  a  moderately  distinct  mesial 
sinus  extending  from  near  the  beak  to  the  front ;  beak  incurved  a  little 
beyond  the  cardinal  margin ;  ears  rather  compressed,  but  not  distinctly 
defined  from  the  swell  of  the  umbo.  Dorsal  valve  moderately  concave 
w^ith  a  small  mesial  citation.  Surface  of  both  valves  ornamented  with 
Qumerous  rather  regular  concentric  ridges,  increasing  in  size  from  the 
beaks  towards  the  front,  but  becoming  again  smaller  and  more  crowded 
in  adult  shells  at  the  margin ;  in  the  ventral  valve  these  ridges  are  a  little 
prominent  at  the  lower  margin,  separated  from  each  other  by  smoother 
spaces,  and  support  numerous  small  appressed  spines,  those  of  the 
upper  row  of  which  are  larger  and  less  crowded  than  the  others ;  on  in- 
ternal casts,  or  partly  exfoliated  specimens,  the  spines  are  represented 
by  small  tubercles ;  surface  of  dorsal  valve  as  in  the  other,  excepting 
that  the  ridges  are  represented  by  little  furrows. 

Length  of  a  fully  developed,  rather  broad  specimen,  2.66  inches; 
breadth  of  same,  2.50  inches ;  convexity  about  1.10  inches. 

This  widely  distributed  species  occurs  in  our  Coal-Measures  of  the 
West,  at  numerous  localities,  as  well  as  in  the  Lower  Carboniferous 
rocks.  At  one  time  it  was  thought  that  the  Coal-Measure  specimens  were 
specifically  distinct,  or  ought  to  be  so,  from  those  in  the  lower  rocks,  but 
iher  a  careful  comparison  of  some  fine  specimens  in  the  Illinois  collec- 
tion, showing  the  interior,  cardinal  process,  &c.,  I  was  entirely  unable 
to  detect  any  specific  diflferences  from  the  well-known  P.  punctatus.  The 
specimen  figured  by  Professor  McChesney  (New  PalsBozoio  Fossils,  PL 
[,  Fig.  11),  has  the  cardinal  process  incomplete,  and  shows  the  muscular 
impressions  imperfectly,  without  any  traces  of  the  reniform  markings ; 
but  I  have  seen  these,  as  stated  above,  in  others  in  a  better  state  of  pre- 
servation from  the  Coal-Measures  of  Illinois,  as  they  are  represented  by 
Mr.  Davidson,  in  his  beautiful  figures  of  P.  punctatus. 

Locality  and  position. — Division  B  of  Nebraska  City  section,  at  that 
place,  Bennett's  Mill,  and  Wyoming,  and  at.  possibly,  a  higher  horizon 
in  a  shaft  near  Nebraska  City ;  also  at  Bock  Bluff,  Plattsmouth,  and  Belle- 
vne;  and  numerous  places  in  the  Upper  Coal-Measures  of  Illinois,  Iowa, 
Missouri,  Nebraska,  Kansas,  &o.  It  likewise  occurs  in  the  Lower  Coal- 
Measures,  and  even  in  the  Lower  Carboniferous  rocks  of  M.\s^\\i\^  \o^^^ 
UUnoia,  &c. 
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Genus  CHONETES,  Fischer. 
CnONETES  Vebneuiliana,  K  &  P. 
PI.  I,  Fig.  10  a,  b. 

Chonetes  Femeuiliana,  Norwood  &  Pratten,  1854,  Jour.  Acad.  Nat.  Sci.  Philad.,Vol.III, 
p.  26,  PI.  II,  Fig;.  6,  a,  h,  c;  Shumard,  1855,  Missouri  GeoL  Beport,  p.  216. 

Shell  rather  small,  varying  from  transversely  sub-semicircular,  to 
sub-oblong;  hinge  line  more  or  less  extended  beyond  the  breadth  of 
the  valves  at  any  other  point;  sometimes  greatly  produced.    Ventral 
valve  very  convex,  with  a  deep  rounded  mesial  sinus,  starting  near  the 
beak  and  deepening  and  widening  rapidly  to  the  anterior  margin,  to 
which  it  imparts  a  distinctly  sinuos  outline,  thus  dividing  the  gib- 
bous part  of  the  valve  into  two  prominent,  rounded  lobes  or  diverging 
ridges,  separated  from  the  ear  on  each  side  by  a  broad  rounded  depres- 
sion; ears  more  or  less  angular,  sometimes  extended  and  acutely 
pointed,  slightly  arching,  and  a  little  reflexed;  beak  rather  prominent, 
and  incurved ;  area  moderately  developed  and  common  to  both  valves, 
but  widest  in  the  ventral;  foramen  wide;  cardinal  margin  provided 
with  four  oblique  spinbs  on  each  side  of  the  beak.    Dorsal  valve  follow- 
ing rather  nearly  the  curve  of  the  other,  and  provided  with  a  mesial 
ridge  corresponding  to  the  sinus  of  the  other  valve.    Surface  of  each 
valve,  ornamented  with  about  100  fine  bifurcating,  radiating  strise,  and 
sometimes  near  the  front^  by  a  few  marks  of  growth. 

Length  of  a  medium-sized  specimen,  0.27  inch;  breadth,  0.40  inch; 
convexity  about  0.12  inch. 

This  species  is  remarkable  for  its  convex  ventral  valve,  with  its  deep 
mesial  sinus,  which  imparts  to  it  a  peculiar  bilobate  appearance.  I 
know  of  no  species  with  which  it  is  liable  to  be  confounded. 

Locality  and  position. — Plattsmouth,  and  various  other  localities  ia 
the  Upper  Ooal-Measures  of  IS'ebraska,  as  well  as  Kansas,  Iowa,  Mis- 
souri, Illinois,  &c.  The  remarkably  extended  specimen  from  which 
Fig.  10  hj  of  Plate  I,  was  drawn,  come  from  near  the  same  horizon  as 
the  Plattsmouth  outcrop,  four  miles  up  the  Platte. 

CnONETES  GEANULIFERA,  Oweu. 

PI.  IV,  Fig.  9 ;  PI.  VI,  Fig.  10;  PI.  VIII,  7. 

Choneies  granuJifercL  Owen.  1855,  Geol.  Kep.  Minn.,  Iowa,  and  Wisconsin,  p.  583,  Tab.  V, 

Fig  12. 
— —  mucronata.  Meek  &  Hayden,  1858,  Proceed.  Acad.  Nat.  Sci.  Philad.,  p.  262;  Pale- 

ont.  Upp.  Mo.,  p.  22,  PL  I.,  Fie  5,  a,  h,  o,  <f,  e  ;  Geinitz,  1866,  Garb,  and  Dyas,  p. 

58,  Tab.  IV,  Figs.  12, 13,  and  14 ;  not  ClumeUa  mucnmata  {^Strophomena  muanh 

fiata,  Gour.,  1843). 

Shell  attaining  a  rather  large  size,  semicircular  in  outline,  having  its 
greatest  breadth  on  the  hinge  line,  which  often  terminates  in  extended 
mucronate  ears.  Larger  or  ventral  valve  moderately  convex,  the  greatest 
convexity  being  in  the  central  regiop,  or  rather  on  each  side  of  it,  as 
there  is  usually  a  broad,  shallow,  mesial  depression;  ears  and  lateral 
regions  compressed;  front  somewhat  straightened  along  the  middle; 
beak  small,  rather  compressed,  a  little  arched,  and  scarcely  projecting 
beyond  the  cardinal  margin,  which  is  provided  with  from  seven  to 
about  eleven  oblique  spines  on  each  side  of  the  beak;  area  rather 
narrow,  rangmg  nearly  parallel  to  the  general  plane  of  the  valves,  its 
fissure  broad,  partly  closed  above  by  an  arching  deltidium ;  hinge  teeth 
well  develoi)ed,  compressed,  and  minutely  striated;  interior  with 
impressions  of  cardinal  muscles  subovate,  diverging,  attenuate  above; 
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adductor  muscnlar  scars  small,  narrow-snbelliptical ;  mesial  ridge  promi- 
uent  near  the  beak,  much  lower,  and  rarely  extending  forward  to  the 
central  region;  most  of  the  interior  occupied  by  granules,  which  are 
largest  and  most  crowded  on  a  narrow  space  around  near  the  front  and 
lateral  margins;  but  around  the  immediate  margin  they  are  much  smaller, 
and  arranged  in  distinct  radiating  rows. 

Dorsal  or  smaller  valve,  following  nearly  the  curve  of  the  other,  the 
beak  and  central  regions  being  concave,  and  the  ears  flat ;  area  well 
developed,  but  narrower  than  in  the  other  valve ;  bifid  cardinal  process 
and  mesial  prominence,  nearly  or  quite  closing  the  fissure  of  the  other 
ralve.  From  the  base  of  this  process,  there  are  extending,  on  the  inner 
side  of  the  valve,  five  radiating  ridges,  two  of  which  pass  obliquely 
)utward,  forming  the  inner  margins  of  the  dental  sockets,  while  a 
^hird  mesial  one  extends  at  right  angles  to  the  hinge,  a  Uttle  more 
;ban  half-way  to  the  front ;  the  other  two  are  much  shorter,  oblique, 
md  occupy  intermediate  positions  between  the  middle  and  the  two 
atter  ones ;  granules  of  the  interior  as  in  the  other  valve. 

Surface  of  both  valves  ornamented  with  a  few  subimbricating  marks 
)f  growth,  crossed  by  very  fine,  obscure,  regularly  and  closely  arranged 
*adiating  strise,  of  which  about  one  hundred  and  fifty  may  be  counted 
iround  the  free  border  of  a  large  individual,  where  eight  or  nine  of 
iiem  may  be  counted  in  the  space  of  one  line. 

Length  of  a  large  specimen,  0.62  inch ;  breadth  on  hinge  line,  1.13  inches. 

I  am  now,  after  seeing  specimens  from  various  localities  along  the 
klissouri  Eiver,  nearly  satisfied  that  this  must  be  the  same  shell 
iescribed  by  Dr.  Owen,  under  the  name  C,  granulifera.  His  figures 
md  description  are  unfortunately  so  imperfect  as  to  leave  this  question 
somewhat  doubtful.  He  gives  four  figures,  none  of  which  are  near  so 
extended  on  the  hinge,  nor  so  mucronate  at  the  lateral  extremities  as 
n  well-developed  specimens  of  the  form  for  which  we  proposed  the 
lame  C.  mucronataj  while  they  give  the  appearance  of  much  coarser 
surface  markings.  Judging  from  the  localities  at  which  he  obtained 
lis  typical  specimens,  however,  and  from  numerous  collections  before 
ue  from  the  same  and  other  localities,  I  can  scarcely  doubt  that  he  must 
lave  founded  his  species  on  the  same  shell  to  which  we  afterwards 
j^ve  the  name  C,  mucronnta, 

Chonetes  Smithii,  of  Norwood  &  Pratten,  is  a  form  with  which  this 
;hell  should  be  compared,  though  the  form  here  described  attains  a 
nuch  larger  size,  and  is  more  compressed,  as  well  as  more  extended  on 
he  hinge.  The  latter  character,  however,  can  scarcely  be  regarded  as 
i  specific  distinction  in  this  genus,  as  may  be  seen  by  the  figures  of 
7.  Verneuiliana,  given  on  Plate  I. 

Locality  and  position, — ^Division  0,  of  the  Nebraska  City  section ; 
dso  in  Division  B,  at  the  same  place,  and  at  Wyoming  and  Bennett's 
kfill;  likewise  at  lower  horizons  at  Plattsmouth,  Bellevue,  Omaha, 
md  at  numerous  other  localities  in  Nebraska,  Kansas,  Missouri,  Iowa, 
fcc,  it  being  a  very  common  shell  in  the  Coal-Measures  of  that  region. 
Specimens  of  a  somewhat  smaller  size,  but  otherwise  undistinguishable, 
lLso  occur  in  the  Coal-Measures  of  Illinois. 

Chonetes  glabra,  Geinitz. 
PI.  IV,  Fig.  10 ;  PI.  VIII,  Fig.  8  a,  5. 

lumetes  gldbrct^  (Jeinitz,  1866,  Carb.  und  Dyas  in  Neb.,  p.  60,  PI.  IV,  Figs.  15-18. 

Shell  thin ;  transversely  sub-semicircular,  the  length  being  more  th«iTL 
alf  the  breadth;  hin^eliijeaiittieionger  than  the  greatest \)i:^aA\Xiol\X5Lft 


i 
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valves,  at  any  point  farther  forward ;  lateral  extremities  abniptly  pointed 
and  sometimes  slightly  recurved;  anterior  and  anterior-lateral  margias, 
forming  a  semi-circular  curve  in  outline,  excepting  that  the  former  is 
generally  faintly  sinuous  in  the  middle;  lateral  margins  curvins:  abruptly 
outward  just  before  intersecting  the  hinge  extremities.    Ventral  or 
larger  valve  moderately  convex,  the  most  gibbous  part  being  in  the  form 
of  two  broad,  rounded,  undefined  prominences,  which  diverge  from  the 
beaks  to  the  anterior  lateral  regions,  leaving  a  broad,  rounded,  rather 
deep  mesial  sinus  between  them,  extending  nearly  to  the  beak,  but  widen- 
ing and  deepening  rather  rapidly  to  the  front ;  outside  of  these  promi- 
nences, the  posterior  lateral  regions  are  more  or  less  compressed ;  beak 
small,  compressed,  slightly  arched,  and  scarcely  projecting  beyond  the 
cardinal  margin ;  area  narrow,  inclined  obliquely  backward ;  its  fissure 
small,  nearly  semi-circular  and  partly  closed  by  the  cardinal  process  of 
the  other  valve;  cardinal  margin  armed  on  each  side  of  the  beak  by  four 
or  five  slender,  moderately  long,  oblique  spines,  with  sometimes  remains 
of  one  or  two  much  smaller  rudimentary  additional  ones  near  the  benk; 
cardinal  teeth  compressed,  their  longer  diameter  ranging  nearly  parallel 
to  the  hinge  line — as  seen  under  a  strong  magnifier,  finely  siriated  on 
the  outside,  at  right  angles  to  their  len^h.    Interior,  excepting  in  the 
region  of  the  muscular  impressions,  with  numerous  rather  distinct 
granules,  arranged  in  radiating  rows — ^immediately  within  the  fissure, 
provided  with  a  short,  rather  prominent,  compressed  ridge  ranging  at 
right  angles  to  the  hinge;  muscular  impressions  very  obscure. 

Dorsal  or  concave  valve,  following  nearly  the  curve  of  the  other;  area 
of  about  the  same  size  as  in  the  dorsal  valve,  inclined  forward  from  the 
hinge ;  caudinal  process  small,  not  very  prominent,  and  as  seen  on  the 
outer  side  somewhat  trilobate,  the  middle  lobe  or  ridge  being  divided  by 
a  linear  sulcus ;  socket  ridges  very  oblique ;  interior  granulated  as  in 
the  other  valve.  A  very  small,  obscure  linear  ridge  occupies  the  middle 
of  the  valve,  without,  however,  extending  up  to  the  hinge ;  muscular 
impressions  unknown. 

Surface  of  both  valves  nearly  smooth,  but  showing  obscure  concentric 
marks  of  growth.  In  some  conditions  of  weathering,  there  is  a  faint 
appearance  of  radiating  markings,  but  this  is  due  rather  to  the  structure 
of  the  shell,  and  not  to  i^roper  external  lines.  When  a  single  one  of  the 
thin  valves  is  cleaned  and  examined  by  the  aid  of  a  good  magnifier  and 
a  strong  transmitted  light,  large,  very  scattering  punctures  or  pores  are 
seen  arranged  in  quincunx,  and  passing  obliquely  through  the  shell. 
These  appear  to  have  been  connected  with  minute  tubular  spines,  ar- 
ranged over  the  whole  surface,  during  the  life  of  the  animal.  At  any 
rate,  in  one  specimen,  of  which  Fig.  8  6,  Plate  VIII,  is  a  representation 
enlarged  two  diameters,  there  are  numerous  little  projecting  points  hav- 
ing the  appearance  of  minute  spine  bases  projecting  through  a  film  of 
shale  on  the  surface.  They  must,  however,  be  extremely  fragile  and 
readily  removed,  as  no  traces  of  them  are  to  be  seen  on  any  of  the  nu- 
merous other  specimens  in  the  collection. 

Locality  and  position. — Division  C  of  the  Nebraska  City  section,  where 
it  is  very  abundant,  and  found  in  a  fine  state  of  preservation.  It  also 
occurs  at  that  locality,  though  much  less  abundantly,  in  division  B.  It 
is  likewise  found  common  at  a  much  lower  horizon  in  the  Coal-Measures 
at  Atchison,  Kansas.  It  is  a  remarkable  fact  that  in  a  collection  sent 
by  Mr.  Dall,  from  Eussian  America,  there  is  a  small  rolled  erratic  mass 
of  very  hard  siliceous  rock,  picked  up  on  the  shores  of  Youkon  River, 
containing  a  Chonetes  apparently  agreeing  with  this  in  every  respect 
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Genus  ORTHIS,  Dalman. 

Orthis  carbonaria,  Swallow. 

PI.  I,  Fig.  8,  a,  6,  c, 

OtOm  carhonnria.  Swallow,  1858,  Trans.  St.  Lonis  Acad.  Sci.,  1,  p.  218. 

t Pecosii,  Marcon,  1858,  Geol.  N.  Am.,  p.  48,  PI.  VI,  Fig.  14,  a,  6. 

T (sp.  undt.),  Meek,  1864,  Paleontology  of  California,  Vol.  I,  p.  10,  PI.  II,  Fig.  5, 

a,  6,  c 

Shell  small,  saborbicular,  slightly  wider  than  long,  moderately  convex 
in  adult  specimens;  lateral  margins  rounded,  or,  in  some  examples, 
faintly  straightened  posteriorly ;  front  more  broadly  rounded,  but  usually 
very  slightly  sinuous  in  the  middle:  valves  neariy  equally  convex ;  hinge 
line  very  short,  or  only  equaling  about  half  the  breadth  of  the  valves. 
Ventral  valve  usually  most  convex  in  the  umbonal  region,  sometimes  a 
little  flattened  anteriorly,  so  as  to  give  the  shell  slightly  the  form  usually 
called  "  resupinate,"  though  in  gibbous  specimens  this  character  is 
nearly  obsolete;  beak  moderately  prominent,  rather  pointed  and  arched ; 
area  small,  well  defined,  and  arching  with  the  beak;  foramen  narrow. 
Dorsal  valve  usually  most  convex  between  the  middle  and  the  beak, 
which  is  small,  and  nearly  as  prominent  and  arched  as  that  of  the  other 
valve,  generally  with  a  shallow  sinus  extending  from  the  middle  to  the 
front ;  area  well  developed,  but  smaller  than  in  the  other  valve,  arched 
and  divided  by  a  proportionally  shorter  foramen.  Surface  of  both  valves 
ornamented  with  concentric  marks  of  growth  and  numerous  fine  radiat- 
ing crowded  striie,  which  increase  mainly  by  intercalation,  and,  as  in 
many  other  species  of  the  genus,  show  occasional  perforations  toward 
the  iront,  apparently  left  by  the  removal  of  very  small  tubular  spines. 

Length  of  a  well-developed  gibbous  specimen,  rather  above  a  medium 
size,  0.38  inch;  breadth,  0.43  inch ;  convexity,  0.27  inch.  Largest  speci- 
men about  0.44  inch  in  length,  and  0.51  inch  in  breadth. 

This  little  shell  resembles  so  nearly,  in  form  and  surface  characters, 
some  varieties  of  0.  resupitiata  and  0.  Michelinij  that  scarcely  any  one 
fomiliar  with  those  shells,  if  shown  a  few  of  these,  would  hesitate  to 
pronounce  them  young  examples  of  one  or  the  other,  or  both  of  those 
species.  Still,  from  its  uniform  much  smaller  size,  even  at  widely  dis- 
tant localities,  and  in  beds  of  various  lithological  cnaracters,  where  not 
associated  with  any  similar  larger  shell,  leads  me  to  think  it  must  be 
distinct,  and  that  our  specimens  really  represent  the  adult  size.  In 
addition  to  their  smaller  size,  a  careful  comparison  also  shows  that  they 
certainly  do  present  some  appreciable  and  constant  differences.  For 
instance,  0.  carbonaria  has  its  beaks  more  nearly  equal  than  either  0. 
resupinata  or  0.  Michelinij  and  more  prominent,  particularly  that  of  its 
dorsal  valve,  which  is  also  more  pointed.  It  is  also  generally  propor- 
tion^ly  more  thickened  within  on  each  side  of  the  rostral  cavity  in  the 
ventral  valve. 

Locality  and  position. — The  specimen  figured  was  found,  with  others 
(some  of  which  are  less  convex),  at  Eock  Bluff,  in  Upper  Goal-Measure 
beds,  referred  by  Professor  Marcou  to  the  Lower  Permian,  (Dyas).  We 
also  nave  some  crushed  and  distorted  specimens  of  apparently  the  same 
shell  from  division  B  at  Nebraska  City,  referred  by  Professors  Marcou 
and  Geiuitz  to  the  lower  part  of  the  Upper  Permian.  It  likewise  occurs 
at  various  lower  horizons  in  the  Upper  Ooal-Measures  in  Iowa,  Nebraska, 
Kansas,  Illinois,  &c. :  while  Professor  Swallow's  typical  specimens  were 
from  the  3iiddle  Coal-Measures  at  Lexington,  Missouri. 
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Genus  HEMIPRONITES,  Pander. 

Hemipronites  crassus,  M.  and  H.. 
PL  V,  Fig.  10,  a,  6,  c;  and  PL  VIII,  Fig.  1. 

Orthisina  crassa,  Meek  and  Hayden,  1858,  Proceed.  Acad.  Nat.  Sci.,  Philad.,  p.  260. 
Orthid  LasallenaiSy  McChesney,  1860,  New  Paleozoic  FoesilB,  p.  ^ ;  and  1865,  lUnstratioDfl 

of  same,  PI.  I,  Fig.  6,  a,  6. 

RicJtmondit  McChesney,  t6.,  Fig.  5,  a,  6,  c. 

Hemipronites  crassus,  Meek  and  Hayden,  1864,  Paleont.  Upi)er  Missouri,  p.  26,  PI.  I,  Fig. 

7,  a,  h.  c,  d, 
LasaflensiSy  and  E.  crassus,  McChesney,  1867,  Trans.  Chicago  Acad.  ScL,  Vol  I,  p. 

28,  PI.  I.  Figs.  5  and  6. 
Compare  Orthis  Keokuk  and  0.  rohusta,  HaH,  1858,  Iowa  GeoL  Report.,  Vol.  I,  Part  2,  p. 

640,  PI.  XIX,  Fig.  5,  a,  b,  and  p.  713,  PI.  XXVIII,  Fig.  5,  a,  b,  o. 

Shell  varying  from  semi-circnlar  to  truncato-subcircolar,  or  trans- 
versely suboblong,  generally  wider  than  long,  varying  from  compressed 
to  distinctly  convex ;  hinge  margin  equaling,  or  shorter  than,  the  greatest 
breadth  of  the  valves,  rectangular  or  sometimes  more  or  rather  less 
than  rectangular  at  the  extremities ;  anterior  outline  forming  a  more  or 
less  regular  semi-circular  curve.   Dorsal  valve  always  convex,  sometimes 
very  distinctly  so,  the  greatest  convexity  being  near  the  middle ;  beak 
not  distinctfrom  the  cardinal  margin.  Ventral  valve  varying  in  convexity 
at  the  umbo,  sometimes  very  prominent,  and  occasionally  distorted 
there;  less  convex,  flattened,  or  not  unfrequently  a  little  concave  around 
near  the  front;  area  varying  in  height  in  proportion  to  the  elevation  of 
the  beak,  and  either  flat  or  with  the  beak  a  little  arched,  usually  rather 
distinctly  striated;   its  closed  fissure  varying  in   the  proportions  of 
height  and  breadth^  with  the  greater  or  less  elevation  of  the  beak; 
interior  always  pro\aded  with  a  prominent  mesial  septum  extending  from 
the  beak  forward  to  near  the  middle  of  the  valve.    Surface  of  both 
valves  marked  by  numerous  strong,  raised  radiating  stride,  of  unequal 
size,  there  being  generally  one  or  several  smaller  ones  between  each  two 
of  the  larger ;  crossing  the  whole  are  also  numerous  fine,  regular  concen- 
tiic  strise,  more  or  less  defined  both  between  and  upon  the  radiating 
striae,  to  which  latter  they  impart  a  neatly  crenate  appearance. 

After  proposing  the  name  H.  crassm  for  this  species,  I  was  led  to 
think  it  most  probably  only  a  variety  of  the  well-known  widely  dis- 
tributed European  H.  crenistrUij  which  it  certainly  very  closely  resem- 
bles in  external  characters.  On  sending  specimens  showing  the  interior 
of  the  valves  from  the  original  locality,  however,  to  Mr.  Davidson,  he 
wrote  back  that  he  could  not  think  it  properly  belongs  to  that  species, 
because  among  all  the  specimens  of  that  form  he  had  examined  he  had 
never  se^n  one  showing  the  peculiar  mesial  septum  always  so  strongly 
developed  in  the  interior  of  the  ventral  valve  of  this  shell.  I  have  no 
doubt  in  regard  to  its  identity  with  Orthis  Lasallensis  and  0.  Richfnondij 
of  McChesney,  and  I  suspect  the  same  species  has  been  described  by 
Professor  Hall  in  the  Iowa  Report  under  the  names  Orthis  Keokuk  and 
O.  rohusta^  particularly  the  former,  which  seems  to  have  the  same 
mesial  septum  within  the  ventral  valve,  and  agrees  nearly  in  other 
characters  excepting  in  its  larger  size. 

Locality  and  position, — Divisions  B  and  0  of  the  Nebraska  City  section, 
and  from  apparently  above  the  latter  horizon  1|  and  2%  miles  west  of  there; 
and  again  trom  bed  B  at  Bennett's  Mill  and  Wyoming;  also  at  lower 
horizons  in  the  Upper  Coal-Measures  at  Cedar  BiuflT,  R^k  BlufiT,  Platts- 
moath,  Bellevue,  and  Omaha.  It  likewise  occurs  at  Peru,  Bulo,  and 
Brownville,  as  well  as  at  numerous  other  localities  and  positions  in  the 
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Coal-Measures  of  Nebraska,  Kansas,  Iowa,  Missonri,  and  Illinois;  and  I 
have  recently  identified  it  among  specimens  collected  by  Professor  J.  J. 
Stevenson  from  the  horizon  of  the  Chester  limestone  in  West  Virginia. 

Genus  MEEKELLA,  White  and  St.  John. 

Meekella  striato-costata,  Cox,  sp. 

PL  V,  Fig.  12,  a,  6,  c. 

PlktUkla  BtriaUhcoBtata,  Cox,  1857,  Owen's  Geol.  Report,  Ky.,  Vol.  Ill,  p.  568,  PI.  VIII, 

Fig.  7. 
M'a  itriaU>-€08tata,  Geinitz,  1866,  Carb.  and  Dyas  in  Neb.,  p.  48,  Tab.  Ill,  Figs.  22-24. 
Meekella  itriato-^sastata.  White  and  St.  John,  1867,  Trans.  Chicago  Acad.  Sci.,  vol.  1,  p. 

120  and  121,  Figs.  4, 5,  and  6. 
Compare  Streptorhunchus pectintformiSf  Davidson,  1863,  Liege,  Brach.,  Pal.  Plnde,  PI.  X, 

Fig.  17. 


Fig.  5. 


B. 


Meekdla  itriato-coeiala, 

A.  Showing  a  transverse  section  of  the  beak  of  the  ventral  valve,  (a)  being  the 
remaining  portion  of  the  cardinal  area,  (d  d,)  the  dental  processes,  and  (c  o  c)  the  tree- 
chambers  into  Tvhich  the  interior  is  divided  by  the  two  intervening  septa. 

B.  Showing  a  longitudinal  section  of  the  same  valve,  (I)  being  the  side  and  ontline 
of  one  of  the  septa  or  dental  laminae,  (b)  the  point  of  the  beak,  and  (d)  the  dental  pro- 
cess.   (After  Dr.  White's  and  Professor  St.  John's  figores. 

Fig.  6. 


Meekella  striato-costata. 

A  posterior  view  of  dorsal  valve,  showing  above  the  remarkable  cardinal  procoss, 
with  its  broken  alate  part  restored  in  outline ;  from  a  specimen  borrowed  m>m  Dr. 
White. 


Shell  trigonal-siibglobose,  becoming  very  convex  with  age,  generally  a 
little  longer  than  wide;  hinge  line  very  much  shorter  than  the  breadth 
of  the  valves.  Dorsal  valve  convex,  the  greatest  prominence  near  the 
umbo,  thence  rounding  over  to  the  rront,  being  usually  somewhat  flat- 
tened over  the  central  and  anterior  regions,  but  without  any  mesial  sinus; 
beak  strongly  incurved  and  with  its  most  prominent  part  sometimes  pro- 
jecting a  little  beyond  the  hinge  line,  but  in  others  flattened,  and  with  its 
immediate  apex  nearly  always  terminating  at  the  margin  of  the  hinge; 
posterior  lateral  margins  laterally  compressed  and  converging  toward  the 
umbo  at  nearly  a  right  angle ;  surface  ornamented  by  about  ten  to  thirteen 
large  radiating,  more  or  less  angular^  simple  or  rarely  bi^viicalui^  ^\v!a^ 
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lions,  which  are  themselves  (as  well  as  the  farrows  between)  marked  by 
fine  but  distinct  radiating  stri^,  which,  toward  the  front,  instead  of  contin- 
ning  parallel  to  the  furrows  and  plications,  converge  forward  on  each  side 
of  the  latter  so  as  to  intersect  along  the  crests  of  the  same  at  acute 
angles;  crossing  all  of  these,  there  are  usually  near  the  front  andlat- 
teral  margins,  a  few  strong  zigzag  marks  of  growth.  Ventral  valve 
more  convex  than  the  other,  the  greatest  convexity  being  at  or  near  the 
beak,  which  is  elevated  and  usually  more  or  less  distorted,  being  some- 
times twisted  to  one  side,  and  in  other  examples  straight  or  somewhat 
arched  backward ;  cardinal  area  narrow  transversely,  but  proportionally 
high,  being  often  distinctly  higher  than  wide  but  well-defined,  and 
usually  finely  striated  transversely  and  vertically,  either  flat  or  more  or 
less  arched  backward ;  false  deltidium  closing  the  fissure,  narrow  and 
provided  with  a  slender,  rounded,  prominent  mesial  ridge  extending  to 
the  apex  of  the  beak ;  surface  as  in  the  other  valve. 

Length  of  a  medium-sized  well-developed  adult  specimen,  1.06  inches; 
convexity  of  same,  0.97  inch;  breadth,  1.12  inches. 

Individuals  of  this  shell  vary  much  in  size  and  form,  and  especially 
in  the  elevation  of  the  beak  and  area  of  the  ventral  valve.  As  in  the  allied 
genus  Hemipranites  (=Streptorhynchu8)j  the  beak  of  its  ventral  valve 
is  often  considerably  distorted,  and  occasionally  with  its  immediate 
apex  truncated  as  if  from  adhesion  by  the  substance  of  the  young  shell. 
In  most  of  its  external  characters  it  is  very  closely  allied  to  an  East 
Indian  form  described  by  Mr.  Davidson  under  the  name  Streptorhynchm 
pectiniformis.  (See  Fig.  16  of  our  PI.  V.)  Professor  Geinitz  and  Mr. 
Davidson  ^the  latter  after  a  direct  comparison  of  specimens)  think  there 
are  no  well-grounded  specific  difFerences  by  which  these  shells  can  be 
distinguished ;  and  1  confess,  after  comparing  a  specimen  of  the  Indian 
form  sent  by  Mr.  Davidson  to  Dr.  White,  and  along  with  it  a  fine  series 
of  the  western  shell  from  Iowa,  kindly  loaned  to  me  for  comparison  by 
the  latter  gentleman,  that  one  would  scarcely  suspect  any  specific  dif- 
ference to  exist  between  these  shells  if  found  together  at  the  same 
locality  and  associated  in  the  sjime  beds.  Without  undertaking  to 
decide  this  question  with  but  a  single  specimen  of  the  Indian  form  for 
comparison,  I  would  merely  remark  that  both  on  Mr.  Davidson's  figure 
and  on  the  specimen  before  me  of  the  latter,  the  radiating  striae  are 
perceptibly  coarser  than  on  our  shell,  and  not  converging  to  the  crests 
of  the  plications,  as  may  be  seen  by  comparing  the  figures  of  the  two 
on  Plate  Y.  In  addition  to  this,  a  transverse  section  across  the  beak 
of  the  ventral  valve  of  the  Indian  specimen  quite  unexpectedly  reveals 
no  traces  of  the  strongly  developed  dental  laminae  of  the  American  shell. 
These,  however,  may  have  been  broken  out  by  some  accident ;  otherwise 
there  would  seem  to  be  even  a  generic  difference. 

Dr.  White  and  Professor  St.  John  have,  as  I  think,  very  properly 
separated  the  form  under  consideration  generically  from  Hemipranites 
^=Streptorhynchu8)^  on  account  of  its  dental  supports  in  the  ventral  vsJve 
instead  of  merely  converging  to  the  apex  of  the  beak  under  the  area, 
having  the  form  of  two  strongly-developed  laminae  attached  to  the 
bottom  of  the  valve  and  produced  forward  with  slight  divergence  nearly 
to  the  middle  of  the  same.  The  cardinal  process  of  the  other  valve  is 
also  much  more  prominent  than  that  of  Hemipranites.  and  very  differ- 
ently formed,  as  may  be  seen  by  the  annexed  cut.  These  characters, 
and  the  difierences  in  the  general  physiognomy  of  the  two  types,  seem  to 
me  to  distinguish  them  generically.  There  are  also  some  large  scatter- 
ing punctures  about  the  beak  of  the  ventral  valve  of  the  form  under 
consideration  that  I  have  never  seen  in  Hemipranites.    It,  therefore,  ap- 
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pears  to  bear  the  same  relatioos  to  the  latter  that  Syntrilaama  docs  to 
Orthis. 

Locality  and  posUwn. — Thia  shell  was  first  described  by  Professor  Gox 
(mm  the  Coal-Measures  of  Keotncky.  It  also  occurs  at  various  bori- 
toaa  in  the  Middle  and  Upper  Coal-Measures  of  Iowa,  Missoari,  and  Illi- 
nois. The  specimen  we  have  figured  is  fh>m  division  B,  at  Nebraska 
Citf,  and  we  found  it  at  lower  horizons  at  Bellevue  and  Flattsmouth, 
and  at  higher  positions  at  Otoe  City,  Aspiuwall,  &c.,  in  JS'ebraska.  I 
liave  never  seen  it  from  any  locality  east  of  Illinois,  nor  anywhere  in 
the  Lower  Coal-Measoies. 

Gtenus  STNTEILASMA,  M.  &  W. 

Stnibilasua  hkuiflicata,  Hall,  sp. 

PL  VI,  Fig.  1,  a,b;  and  PL  VIII,  Pig.  12  a,  fc 

Sptrifer  hemiplkala$.  Hall,  1852,  RtanabaryB  Salt  Lake  Efeport,  p.  409,  PI.  IV,  Fig.  3,  a,  6, 
SfntTiUuma  hemiplieala,  Meek  &.  Wortben,  I8G6,  Report  Oeol.  Survej,  III.,  Vol.  I,  p,  323. 

Fi^.  36,  tmd  p.  324,  Fig.  37. 
SMfiduiiKlla  angalata,  Geinitz,  1866,  Cnrb.  and  Dyaa.p.  37,  Tab.  Ill,  Figs.  1-4;  (not 

B.  lAnomia}  aiifuUila,  I^nnieDB,  1767). 


/^ 


Sgittrilatma  hemiplieata. 

a.  A  traDsroTse  bocUod  of  a  Tentrnl  valve,  showing  tho  three  laminte  (I,  m,  I)  of  the 
iotorior. 

b.  A  longitadinal  section  of  the  two  valves  united,  ahowing  the  eide  of  one  of  the 
dental  lauiiDie  (0  and  the  aide  of  one  of  tlie  socket^plntes,  (s). 

0.  A  cariliiiat  view,  showing  the  small  area  and  the  triangalar  foiamen. 

Fig.ft 


Bj/nMlansa  hemlpticata, 

a.  Sboirs  a  donal  view  with  a  portion  of  the  shell  removed  so  as  t«  expose  is 
the  diviTging  socket " '"■ 

b.  A  similar  viuw  t 
■llel  pliites  within. 

Shell  in  yonng  examples  only  moderately  conveXj  and  having  all  the 
external  appearances  of  a  true  Orthis;  in  adult  specimens,  often  globase, 
or  even  more  convex  than  long  or  wide.  Hinge  line  very  short,  or  not 
more  than  one-third  the  greatest  breadth  of  the  valves,  and,  owing  to  the 
gibbosity  of  the  shell,  impartiog  ]ittle  or  no  angularity  to  ttie  ouftitift  ot 
S.  Ex.  1& 12 
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the  lateral  slopes.  Dorsal  valve  more  convex  than  the  other,  and  very 
strongly  arched,  particularly  in  mature  shells ;  umbonal  region  gihboas, 
and  often,  in  adult  examples,  projecting  somewhat  beyond  the  beak  of 
the  other  valve;  beak  strongly  incurved,  so  as  to  bring  its  apex  under 
the  beak,  and  nearly  against  the  area  of  the  other,  valve ;  area  rather 
narrow  and  distinctly  incurved  with  the  beak. 

Ventral  valve  convex ;  beak  only  moderately  prominent  and  arcbed, 
or  more  or  less  incurved ;  area   triangular,  small,  about  one-third  as 
high  as  wide,  and  moderately  well  defined;   its  triangular  foramen 
scar(;ely  as  wide  as  high.    Surface  of  both  valves  ornamented  with 
rather  fine,  regular,  crowded  radiating  striae,  and  a  few  very  large, 
rounded,  or  more  or  less  angular,  radiating  plications,  which  latter  are 
never  defined  on  the  umbones,  but  occupy  the  anterior  half,  and  become 
more  prominent  toward  the  front,  where  they  often  terminate  in  deeply 
interlocking  angular  marginal  projections.    Of  these  plications  there 
are  two — rarely  three — on  ^ach  side  of  the  slightly  larger  and  more  prom- 
inent one  forming  the  mesial  fold  on  the  dorsal  valve,  while  on  the  ven- 
tral valve  there  are  three — rarely  four — on  each  side  of  the  mesial  sinus; 
a  few  zigzag  marks  of  growth  also  traverse  the  anterior  and  lateral  mar- 
gins of  the  valves,  parallel  to  their  deeply-notched  edges. 

Length  of  a  medium-sized  adult  specimen,  0.72  inch  ;  breadth,  0.74 
inch  ;  convexity,  0.75  inch.  Kadiating  striae  numbering  twelve  to  fifteen 
in  0.10  inch. 

This  interesting  and  peculiar  shell  was,  by  an  oversight,  referred 
by  Professor  Geinitz  to  Rhynchonella  angulata^  Linn.  sp.  x\l though  it 
resembles  that  species  somewhat  in  general  external  appearances,  it  is 
really  very  widely  removed  from  it  by  its  generic  and  even  family  char- 
acters, being  a  distinctlj^  punctiite  shell,  with  a  well-defined,  though 
small,  cardinal  area,  divided  by  an  open  triangular  fissure,  and  having 
in  the  other  valve  a  cardinal  process  exactly  as  we  see  in  Orthis.*  It 
differs  generically,  however,  from  the  latter,  in  having  the  dental  laminae 
very  closely  approximated,  prominent,  and,  with  a  third  mesial  plate, 
continued  nearly  parallel  to  each  other  far  forward. 

Specifically,  it  is  very  closely  allied  to  a  South  American  Carboniferous 
shell  referred  by  Mr.  S"alt<?r  in  the  Quart.  Jour.  Geol.  Soc.  Lond.,  XVII, 
p.  64,  PI.  IV,  Fig.  3,  to  Terebratula  Andii^  d'Orbigny.  I  have  also,  through 
the  politeness  of  Colonel  Romanowski,  of  the  mining  engineers-  depart- 
ment of  Russia,  some  imperfect  specimens  from  the  Mountain  limestone 
of  Bjasan,  Russia,  with  the  name  Spirifer  La)narckiij  Fischer,  attached, 
that  I  believe  to  belong  to  the  species  under  consideration.  1  have  not 
seen  the  original  figures  and  descrii)tion  of  Fischer's  species,  but  If  cor- 
rectly represented  by  Murchison,  de  Verneuil  and  v.  Keyserling  in  the 
Geology  of  Russia,  I  should  think  it  distinct,  specifically,  trom  the  form 
sent  by  Colonel  Romanow^ski.  At  any  rate,  I  can  scarcely  doubt  that 
Fischer's  species  ought  to  be  called  Syntrila^ma  Lamarckiij  as  it  resembles 
our  typical  species  apparently  too  nearly  to  belong  to  any  other  genua. 

Locality  and  position. — Divisions  B  and  C  of  the  Nebraska  City  sec- 
tion ;  also  Jit  the  former  horizon  at  Wyoming,  Bennett's  Mill,  &c.,  and 
at  numerous  lower  horizons  in  the  Coal-Measures  of  Illinois,  Iowa,  Ne- 
braska, Kansas,  Missouri,  &c. 

*  Mr.  DavidsoD,  to  whom  I  sent  specimens  of  this  sheU,  writes  that  he  thinks  it  a  good 
genns. 
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Genua  RHYNCHONELLA,  Fischer. 

RnYNCIIONELLA  OSAGENSIS,  Swallow. 

PI.  I,  Firr.  9,  a,  h,  and  PI.  VI,  Fig.  2,  a,  h. 

KhyncJionella  (Camarophona)  Om(jcnns,  Swallow,  18r>8,  Trans.  St.  Louis  Acad.,  S.  l,p.  219. 
Terebratula  Uta,  Marcou,  18r>,S,  Gi-ol.  N.  Am.,  p.  51,  PI.  VI,  Fi*^.  12,  a,  6,  c. 
?  Rhffnchonella,  sp.,  Salter,  IHol,  Jonr.  Gcol.  Soc.  Loudon,  Vol.  XVII,  p.  64,  Fig.  5,  a,  b, 
Camarophoria  globulhia,  Geiuitz,  l^oJ,  Carb.  und  Dyas  in  Neb.,  p.  38,  Tab.  Ill,  Fig.  5  ; 
(not  C.  globalina,  Phillips,  sp.,  1834). 

SbeM  small,  more  or  less  variable  in  form,  often  subtrigonal,  generally- 
wider  than  long,  more  or  less  gibbous ;  front  truncated,  or  sometimes 
sinuous  in  outline ;  anterior  lateral  margins  rounded  hi  outline :  pos- 
terior lateral  margins  convex,  or  nearly  straight  and  converging  to  the 
beaks  at  an  angle  of  from  about  90^  to  120^.  Dorsal  valve  more  con- 
vex than  the  other,  greatest  convexity  near  the  middle  or  between  it 
and  the  front,  which  has  a  broad,  rather  deep,  marginal  sinus,  for  the 
reception  of  a  corresponding  projection  of  the  front  of  the  other  valve ; 
mesial  fold  somewhat  liattened,  but  slightly  prominent,  and  rarely  trace- 
able back  of  the  middle  of  the  valve;  gener>illy  composed  of  three,  but 
sometimes  of  four — rarely  more — plications;  sides  rounding  down  rapidly 
on  each  side  of  the  mesial  fold,  and  each  occupied  by  about  three  or 
four  simple  plications;  beak  curving  strongly  beneath  that  of  the  other 
valve ;  interior  with  a  faint  linear  mesial  ridge,  on  e^ich  side  of  v.hich  is 
a  raised  cui-ved  line  inclosing  an  ovate  space,  occupied  bj*  the  adductor 
muscular  impressions.  Ventral  valve  distinctly  less  convex  than  the 
other,  with  a  broad,  shfillow,  short  sinus  occupied  by  about  two  or  three 
short  idications;  anterior  lateral  margins  on  each  side  of  the  sinus,  with 
from  two  to  four  sim|)le  plications ;  beak  moderatel^^  prominent,  and 
more  or  less  arched,  rather  pointed ;  foramen  small. 

Length  of  a  medium  sized  specimen,  0.40  inch;  breadth, 0.45  inch ; 
convexity,  0.32  inch. 

Like  most  other  species  of  the  genus,  this  varies  considerably  in 
form ;  some  individuals  being  proportionally  wider  and  more  gibbous 
than  others.  It  also  varies  in  the  number  of  its  plications,  from  six  or 
seven  to  about  twelve,  or  rarely  thirteen  or  fourteen  to  each  valve.  In 
a  majority  of  instances  there  are  only  two  plications  in  the  mesial  sinus 
and  three  on  the  fold.  Some  specimens  have  more,  though  I  have  not 
seen  any^  I  could  confidently  refer  to  this  species,  with  as  many  as  six 
plications  in  the  sinus,  as  stated  by  Professor  Swallow  to  be  sometimes 
the  case. 

As  remarked  by  Professor  Swallow,  some  individuals  of  this  species 
resemble  Camaropkoria  ^Schlotheimij  or  at  least  certain  forms  of  that 
8])ecies,  quite  closely.  Professor  Geiuitz  has  even  referred  it  to  Camaro- 
phoria  globullna^  Phillips,  a  shell  by  some  believed  to  be  only  a  variety 
of  C  Schlotheimi ;  but  as  I  have  elsewhere  stated,  it  is  certainly  dis- 
tinct from  those  forms,  because  it  is  not  a  Camaroplwria  at  all,  but  true 
Rhynchonella,  This  I  have  ascertained  both  by  internal  casts  and  by 
sections  made  across  the  beak  of  the  ventral  valve,  of  specimens  from 
various  localities. 

As  we  obtained  no  good  specimens  from  division  C,  at  Nebraska  City, 

1  liave  copied  on  PI.  VIII  the  figure  given  by  Professor  Geiuitz.     Fig. 

2  a,  6,  PL  VL  represents  another  specimen  from  division  B  of  the  same 
section,  two  and  a  half  miles  west  of  Nebraska  City ;  while  Fig.  9,  a,  ft, 
PI.  1,  represent  an  internal  cast  from  Rock  Bluff,  on  the  Missouri,  at  a 
lower  horizon  in  the  Coal-Measures.  From  these  figures,  particularly 
Fig.  9  6,  it  may  be  at  once  seen  that  this  shell  is  a  true  Rki/nclvouclla^^wSL 
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not  a  Cainarophoriaj  as  it  shows  no  traces  whatever  of  the  rostral 
cliamber  characteristic  of  that  genus.  I  have  been  unable  to  find  a 
figure  of  Camarophoria  globulina^  showing  the  interior,  bat  have  copied 
for  comparison  from  Professor  King's  work  on  the  Permian  Fossils  of 
England,  a  figure  of  an  internal  cast  of  the  closely-allied  form  C  ScMoik- 
el  mi  (Fig.  15,  PL  I),  from  which  students  will  at  once  see  by  compari- 
son with  Fig.  9  ft,  of  the  same  Plate,  the  generic  dififerences  between 
these  shells ;  (a)  of  Fig.  15,  being  the  cast  of  the  rostral  chamber^  which 
is  separated  by  a  wall  from  the  other  part  of  the  interior ;  while  in  Fig. 
0  ft,  the  cast  of  the  rostral  cavity  is  a  mere  protuberance,  without  any 
traces  of  the  deep  slits  left  by  the  walls  of  a  chamber. 

Locality  and.  position. — This  species  occurs  in  divisions  C  and  B,  at 
I^ebraska  City.  It  ranges  through  a  great  thickness  of  our  Coal- 
jNleasures,  and  is  found  at  numerous  localities  in  Iowa,  Missouri,  Ne- 
braska, Kansas,  &c.  I  have  also  seen  specimens  of  it  from  the  Upper, 
IVIiddle,  and  Lower  Coal-Measures  of  Illinois ;  and  it  is  probably  the  same 
shell  that  was  figured  by  Mr.  Salter  in  1861,  among  Professor  Forbes'8 
collections  from  the  Andes,  South  America. 

Genus  ATHYEIS,  McCoy. 

Athybis  subtilita,  Hall,  sp. 
PI.  I,  Fig.  12  5  PI.  V,  Fig.  8,  and  PL  VIII,  Pig.  4. 

?  Terebratula  argenteay  Shepard,  1838,  Am.  .Tour.  Sci.,  XXXIV,  p.  152. 

^  Spirifer  lioissyi  {Terebratula  Peruviana,  on  plate),  d^Orbigny,  1847,  Palseont.  derAnier. 
Merid.,  p.  46,  PI.  Ill,  Fig.  17-19. 

Terebratula  subtilita,  HaU,  1852,  Stansbary's  Grt.  Salt  Lake  Report,  p.  409,  PI.  IV  (by 
error  in  text  II),  Fig.  1  a,  b,  and  2  a,  6 ;  SwaUow,  1855,  Missoori  Geol.  Repori 
p.  79,  80,  81,  &c. ;  Shuinard,  ib.  p.  216  ;  Schiel.  1855,  Pacif.  R.  R.  Rep.,  II,  p.  108, 
PI.  1,  Fig.  2 ;  HaU,  1856,  Pacif.  R.  R.  Rep.,  Vol.  UI,  p.  101,  Pl.  2,  Fi«.  4. 

f  subtUita,  Davidson,  1857,  Monogr.  Brit.  Carb.  Brach.,  p.  18,  Pl.  1,  Fig.  21,  22. 

Spirigcra  subtilita,  Meek  and  Hayden,  1859,  Proceed.  Acad.  Nat.  Sci.,  Philad.,  p.  20,  Ac 

Athjfris  subtilita,  l^ewherry,  1861,  Ives's  Colorado  Report,  p.  126;  Davidson,  18^  F(«- 
-     sils  of  S.  India,  Pl.  IX,  Fig.  7. 

'Subtilita^  Salter,  18G1,  Quart.  Jour.  Geol.  Soci.,  Lond.,  XVII,  Pl.  IV,  Fig.  4  a,  6. 

Shell  ovoid,  being  nsually  widest  a  little  in  advance  of  the  middle,  and 
nearly  always  somewhat  longer  than  wide,  moderately  convex,  becoming 
ratheV  gibbous  with  age.  Ventral  valve,  usually  a  little  more  convex  than 
the  other,  its  greatest  convexity  being  generally  behind  the  middle; 
beak  prominent,  rounded  and  distinctly  incurved  upon  that  of  the  other 
valve ;  foramen  round,  of  moderate  size,  and  truncating  the  immediate 
apex  of  the  beak ;  mesial  sinus,  absent  or  very  shallow,  in  young  or 
compressed  individuals,  but  well  defined,  and  round,  flattened,  or  angu- 
lar in  adult  gibbous  specimens,  in  which  it  rapidly  increases  in  size,  from 
near  the  middle  to  the  front,  where  it  produces  a  more  or  less  promi- 
nent marginal  projection,  fitting  into  a  corresponding  sinuosity  in  the 
margin  of  the  opposite  valve.  Dorsal  valve  moderately  convex,  the 
greatest  convexity  in  small  or  compressed  specimens  often  near  the  mid- 
dle or  between  it  and  the  umbo,  but  in  large,  gibbous  individuals,  with 
a  well  defined,  prominent  mesial  fold,  sometimes  near  the  front ;  beak 
rather  distinctly  incurved  under  that  of  the  opposite  valve.  Surface  of 
both  valves  nearly  smooth,  or  with  mere  lines  of  growth,  in  young 
shells,  but  in  large  or  mature  specimens  with  well  defined,  imbricating 
marks  of  growth  on  the  anterior  half;  exfoliated  surfaces  also  show, 
under  a  magnifier,  traces  of  obscure  radiating  striaj. 

Length  ot*  a  well-developed,  medium-sized  specimen,  0.95  inch,  breadth, 
0.81  inch ;  convexity,  0.50  inch.    Very  large  specimens  sometimes  meas- 
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lire  as  mnch  as  1.54  inches  in  length.    At  some  localities,  however,  the 
average  length  of  evidently  adult  examples  is  only  about  0.60  inch. 

As  may  t^  seen  by  the  above  measurements,  this  shell  varies  consid- 
erably in  form,  as  well  as  in  size.  Young  individuals,  or  those  that 
have  had  their  growth  arrested  by  unfavorable  circumstances,  are  al- 
ways more  compressed  and  proportionally  rounder  in  outline,  while  they 
show  no  traces  of  a  mesial  fold  or  sinus,  and  have  less  distinct  marks 
of  growth.  Notwithstanding  these  differences  of  form,  proportions,  &c., 
there  is  something  in  the  general  physiognomy  of  this  shell  that  enables 
one,  once  familiar  with  its  appearance,  to  recognize  it  without  difficulty. 

It  is  quite  probable  that  we  may  have  to  adopt  the  name  Athyris  or 
Spirigera^  argentea,  for  this  species,  since  Shepard,  in  1838,  figured 
under  the  name  Terebratula  argentea^  a  shell  from  the  UpperCoal-Meas- 
ures  of  La  Salle,  Illinois,  agreeing  more  nearly  with  this  than  with  any 
other  known  in  these  rocks,  while  this  species  is  very  common  there.  If 
his  type  can  be  found,  and  should  prove  to  be  another  form,  then  it  will 
become  a  question  whether  we  will  not  have  to  call  it  Athyris  or  Spirigera 
Peruviana^  because  d'Orbigny  figured  a  South  American  shell  in  1847, 
under  the  name  Terebratula  Peruviana^  almost  exactly  like  this,  and  be- 
lieved by  Mr.  Salter  and  others  to  be  the  same. 

Locality  and  position. — We  did  not  find  this  species  in  division  0  of 
the  Nebraska  City  section,  and  have  therefore  copied  Professor  Geinitz's 
figure  of  a  specimen  from  that  horizon.  We  found  it,  however,  at  ap- 
parently a  higher  position,  one  and  three-fourths  and  two  and  three- 
fourths  miles  west  of  there,  and  at  the  horizon  of  B  at  Bennett's  Mill, 
Wyoming,  &c.  It  is  also  common  at  lower  positions  at  Cedar  and  Rock 
Bluffs,  Plattsmouth,  Bellevue,  and  Omaha;  and  it  occurs  at  almost  all 
horizons  in  the  Coal-Measures,  of  Illinois,  Missouri,  Iowa,  West  Virginia, 
and  Ohio ;  also,  at  Pecos  Villages,  New  Mexico ;  and  less  abundantly  in 
the  Coal-Measures  and  up  through  the  Permo-Carboniferous  beds  into 
the  Permian,  in  Kansas.  In  England  and  India  it  has  been  identified 
in  Lower  Carboniferous  rocks;  but  in  this  country,  unless  A.  aubquadrata 
of  Hall,  is  only  a  variety  of  this  species,  it  has  not  been  found  below  the 
Coal- Measures. 

Genus  EETZIA,  King. 

Retzia  pungtulifera,  Shumard. 

PI.  I,  Fig.  13;  and  PI.  V,  Fig.  7. 

Retzia  punctulifera,  Sbnmard,  1858,  Trans.  St.  Louis,  Acad.  Sci.,  Vol.  I,  p.  220. 

Terebratula  Mormonii^  Marcou,  1858,  Geol.  North  Am.,  p.  51,  PI.  VI,  Fig.  11. 

Retzia  Mormonii^  Meek  and  Hayden,  1859,  Proceed.  Acad.  Nat.  Soi.  Philad.,  p.27 ;  Geinitz, 

1866,  Carb.  und  Dyas  in  Neb.,  p.  39,  Tab.  Ill,  Fig.  6. 
Retzia  9uhglohom,  McChesney,  1860,  Descrip.  New  Pal.  Fossils,  p.  45;  and  PL  I,  Fig.  1, 

iUustrations  of  same,  1865. 

Shell  small,  ovate:  in  mature  specimens,  gibbous;  hinge  line  short, 
or  scarcely  extended  enough  to  show  distinctly  the  little  ears  at  the 
extremities.  Ventral  valve  more  convex  than  the  other,  the  greatest 
convexity  being  between  the  middle  and  the  umbo,  which  is  prominent, 
rounded,  more  or  less  strongly  ar^^hed,  and  provided  with  a  moderately 
large  circular  foramen ;  area  well  defined,  triangular,  and  arching  with 
the  beak.    Dorsal  valve  most  convex  near  the  middle ;  beak  extending 

*  It  is  au  unsettled  question,  wbetber  the  name  Spirigera  or  Athyris  should  be  retained 
for  this  genus.    A  thyria  has  priority  of  date,  bu  t  is  very  objectionable,  \>eca\\»fe  \t  \\5\\j\\«^ 
a  pLaiu  contradiction  of  fact,  tiio  sholl  beiuf;  provided  with  a  diatvuct  ioiaui'^M. 
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a  little  beyond  the  ]iin<^e  margin,  and  distinctly  incurved.  Surfticeof 
each  v^alve  ornamented  by  fourteen  or  fifteen  (very  rarely  sixteen  to 
seventeen)  simple,  rather  prominent,  radiating  costae,  one  or  two  of 
which  are  sometimes  slightly  more  depressed  than  the  others,  near  the 
frout  of  the  ventral  valve,  so  as  to  cause  some  appearance  of  an  obscure 
mesial  sinus,  but  without  producing  any  corresponding  mesial  elevation 
on  the  other  valve,  or  visibly  interrupting  the  general  straightness  of 
the  uniting  margins  of  the  two  valves;  Hues  of  growth  obscure;  punc- 
tures visible  under  a  good  pocket  lens,  and  very  regularly  disposed. 

Length  of  a  well-developed,  rather  gibbous  specimen,  0.35  inch; 
breadth,  0.30  inch ;  convexity,  0.25  inch. 

Jf  the  shells  generally  included  in  the  genus  Retziajhut  differing  from 
Professor  King's  type  of  that  genus  {E,  Adrieni)  in  the  possession  of  a 
small  cardinal  area,  are,  as  has  been  proposed,*  to  be  considered  generi- 
cally  distinct,  the  name  of  this  species  would  become  Eumetria  punctU' 
Ufera,  as  it  has  the  small  cardinal  area  characterizing  that  group. 

Specifically,  this  form  is  related  to  Retzm  radialis,  Phillips,  sp.,  and 
an  occasional  specimen  may  be  picked  out  very  closely  resembling  cer- 
tain varieties  of  that  species.  It  differs,  however,  in  having  the  umbo 
of  its  ventral  valve  more  prominent,  thus  giving  a  more  ovate  form  to 
the  entire  outline  than  we  see  in  R.  radialis.  Our  shell  is  also  much 
less  variable  in  the  number  of  its  costae,  of  which  there  are  nearly 
always  fourteen  to  each  valve.  I  have  never  seen  a  specimen  with  more 
than  sixteen  or  seventeen,  while  R.  radialis^  although  sometimes  not 
having  more  than  fourteen  or  fifteen,  generally  has  about  twenty.  A 
more  important  difference,  however,  is  to  be  observed  in  the  nature  of 
the  obscure  mesial  sinus  sometimes  observed  in  the  ventral  valve  of  our 
shell,  which  is  not  produced  by  a  wider  and  deeper  sulcus  between  two 
of  the  costse,  but  by  the  depression  of  one  or  two  of  the  costae  them- 
selves; nor  does  this  faint  sinus  produce  any  traces  of  a  corresi>ondiug 
ridge  in  the  other  valve,  as  in  R.  radialis. 

Professor  Geinitz  cites  my  R.  compressaj  from  the  Carboniferous  rocks 
of  California,  as  a  synonym  of  the  form  under  consideration.  In  this, 
however,  he  is  certainly  in  error,  that  species  being  a  much  more  com- 
pressed shell,  with  only  about  half  the  number  of  costae,  which  are  also 
proportionately  more  prominent.  To  me,  the  R.  punctulifera  seems  more 
nearly  allied  to  R.  radialisj  Phillips,  than  R.  comphssa  is  to  R.  punctu- 
lifera; so  that  if  we  were  to  include  the  California  shell  as  a  variety  of 
R.  punctulifera,  both  of  the  latter  might,  with  at  least  as  much  propriety, 
be  arranged  as  synonyms  of  Phillips's  species^ 

I  am  in  doubt  w^hether  Dr.  Shumard's  name,  R.  punctulifera,  or  Pro- 
fessor Marcou's  name,  Terehratula  Mormonii,  for  this  shell,  has  priority, 
both  having  been  published  in  1858.  If  Professor  Marcou's  name  was 
published  earlier  in  the  year  than  Dr.  Shumard's,  it  would  of  course 
have  to  be  retained.  If  the  two  names,  however,  were  published  at 
exactly  the  same  dato,  or  so  near  it  as  to  leave  the  question  of  priority 
in  doubt,  the  name  punctulifera  should  be  retained,  as  it  was  proposed 
along  with  a  much  better  description,  and  with  a  correct  knowledge  of 
the  affinities  of  the  shell. 

Locality  and  position. — ^The  specimen  figured  on  PI.  I  was,  with  many 
others,  found  at  Rock  Bluff,  on  the  Missouri,  referred  by  Professor  Mar- 
con  to  the  Lower  Dyas,  and  by  Professor  Geinitz  to  the  Coal-Measures, 
to  which  latter  horizon  this  outcrop  certainly  belongs.  We  also  find  it 
at  Plattsmouth;  in  the  division  B,  at  Nebraska  City;  at  the  same  horizon 
at  numerous  Other  localities,  as  well  as  at  various  positions  in  the  Coal- 

"See  Report  Regents  Univereity,  N.  \ .,  on  Stat*i  Ca>j.  "^^  ^.,  \S^,  ^.  64, 
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Measures  of  Nebraska,  Kansas,  Illinois,  and  the  adjoining  States  5  in 
short,  it  is  a  widelj'-distributed  Coal-Measure  species. 

Genus  SPIRIFER,  Sowerby. 

Spirifer  oameratus,  Morton. 
PI.  VI,  Fig.  12  J  and  PI.  VIII,  Fig.  15. 

Spirifer  cameraiuSj  Morton,  1836,  Am.  Jour.  Sci.,  Vol.  XXIX,  p.  1.50,  PI.  II,  Fig.  3  ;  Hall, 

I806,  Pacific  Railroad  Report,  Vol.  Ill,  p.  102,  PI.  II,  Figs.  9,  1%  aud  13 :  and  I80S, 

Iowa  Geol.  Report,  1,  Part  II,  p.  709,  PI.  XXVII,  Fig.  2  a,  h, 

meusehachanus,  Rocmer,  1852,  Kreid.  Von  Texas,  p.  88,  PI.  XI,  Fig.  7. 

• tripUcatns,  HaH,  1852,  Stausbury's  Report  Salt  Lake  Exp.,  p.  410,  PI.  II,  Fig.  5, 

(by  error  PI.  4.) 
fancigerf  (v.  iCeyscrliug),  Owen,  1852,  Report  Wisconsin,  Iowa,  and  Minn.,  PI.  5, 

Fig.  4. 
Spirifer H.  D.  Rogers,  1858,  Geological  Report  Pennsylvania,  Vol.  II,  p.  833, 

Fig.  694. 
Compare  S.  faatngery  v.  Eeyserling,  1847,  Petschora-land,  p.  231,  PI.  3,  Fig.  3. 

Shell  attaining  a  medium  size,  transversely  semicircular  or  subtrigoual, 
more  or  less  gibbous;  cardinal  margin  nearly  always  equaling  the  great- 
est breadth  of  the  shell,  sometimes  extended  into  pointed  ears.  Dor- 
sal valve  rather  less  conv^ex  than  the  other ;  beak  but  little  prominent, 
and  scarcely'  extending  beyond  the  hinge — together  with  the  narrow 
area,  rather  distinctly  incurved;  mesial  fold  prominent,  subangular  or 
narrowly  rounded,  commencing  narrow  at  the  beak  and  widening  and 
deepening  rapidly  to  the  front.  Ventral  valve  with  beak  rather  promi- 
nent and  incurved;  area  distinctly  defined,  of  moderate  height,  with 
snbparaliel  margins,  and  extending  nearly  or  quite  to  the  lateral  ex- 
tremities of  the  hinge,  more  or  less  straightened  and  arched ;  foramen 
forming  a  nearly  equilateral  triangle;  mesial  sinus  corresponding  to  the 
fold  of  the  other  valve,  extending  to  the  beak.  Surface  ornamented 
Tith  distinct,  irregular,  or  unequal,  more  or  less  bifurcating,  radiating 
costae,  both  on  the  mesial  fold  and  within  the  sinus,  as  well  as  on  each 
side  of  the  same,  those  on  the  sides  showing  a  more  or  less  marked 
tendency  to  group  themselves  into  fasciculi,  which  are  each  composed,  at 
the  front,  of  from  three  to  seven  or  eight  ribs,  only  the  middle  one  of  which 
usually  extends  quite  to  the  beaks;  marks  of  growth  moderately  dis- 
tinct near  the  free  margins,  but  never  forming  raised  lamellae. 

Length  of  a  well-developed  adult  specimen,  1.35  inches;  breadth,  2 
inches;  convexity,  1  inch. 

This  is  one  of  our  most  common  and  widely  distributed  Coal-Meas- 
ure fossils,  and,  like  other  species  of  the  genus,  it  varies  considerably 
both  in  form  and  some  of  its  other  characters.  Some  individuals  are 
quite  gibbous  with  a  comparatively  short  hinge,  and  rather  obtuse  lateral 
extremities;  while  others  are  less  convex,  have  the  hinge  line  consider- 
ably extended,  and  the  lateral  extremities  acutely  angular.  The  tasci- 
culated  character  of  the  costae  is  also,  to  some  extent,  a  variable  char- 
acter, though  it  is  generally  more  or  less  marked,  and  often  very  strongly 
defined.  Some  of  the  extreme  varieties  look  quite  distinct  enough  to 
be  considered  different  species,  if  it  were  not  for  the  numerous  inter- 
mediate gradations.  One  of  these  extremes,  with  an  extended  hinge 
line  terminating  in  pointed  extremities,  and  provided  with  rather  fine, 
imperfectly  fasciculated  costae,  Professor  Swallow  has  proposed  to  call 
iS.  cameratuSj  var.  Kansa^enms. 

It  is  a  remarkable  fact,  that  this  latter  variety  is  almost  exactly  like 
certain  varieties  of  the  well-known  aS'.  striatm.    Indeed,  som^  c^i  \\\^ 
best  authorities  of  Europe  liave  reg"arded  even  the  typical  S.  cameralu*  ^% 
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merely  a  variety  of  ^8^.  striatus.  Yet  in  this  country,  althoagh  we  hare 
a  form  {8.  Loganij  Hall)  agreeing  well  with  the  large  typical  8.  striatui, 
the  8.  caineratus  is  in  all  its  varieties  strictly  a  Coal-Measure  shell,  and 
can  be  distinguished  at  a  glance  from  all  of  our  Lower  Carboniferous 
species. 

Professor  G^initz  cites  Mr.  Davidson's  8.  MoosdkhaUenaiSj  from  Pan* 
jaub,  India,  as  a  synonym  of  8.  cameratus^  but  in  this  he  is  certainly  in 
error,  as  that  species  is  characterized  by  distinct,  regularly  disposed, 
raised  lamellsd  of  growth,  over  the  entire  surface ;  a  character  never 
seen  on  the  American  shell.  It  is  far  more  probable,  however,  as  sup- 
posed by  Dr.  Owen,  that  8.fa8(dger  of  Keyserling  is  a  synonym  of  this 
shell. 

Locality  and  position. — ^This  species  ranges  through  the  whole  Coal- 
Measures  of  this  country,  and  up  into  the  series  called  Permocarbo- 
niferous  by  Dr.  Hayden  and  myself  in  Kansas.  It  is  more  abundant, 
however,  in  the  Upper  than  the  Lower  Coal-Measui'es.  It  occurs  in 
division  0  of  the  Nebraska  City  section,  and  has  been  found  by  Dr. 
White  in  Iowa,  and  by  Dr.  Hayden  and  myself  in  Kansas,  in  beds  be- 
lieved to  hold  the  same  position.  It  is  common  in  di\ision  B  at  Ne- 
braska City  and  vicinity,  and  at  various  lower  positions  in  the  Coal- 
Measures  of  that  and  the  adjoining  States.  It  also  occurs  in  the  Coal- 
Measures  of  Eastern  Ohio,  West  Virginia,  and  Pennsylvania,  and  ranges 
south  into  Texas  and  New  Mexico. 

Spibifeb  [Mabtinia]  planooonvexus,  Shumard. 
PI.  lY,  Fig.  4,  a,  b;  PL  VIH,  Fig.  2,  a,  b. 

Spir^fer  planoc(mv€XuSf  Shumard,  1855,  Report  Missouri  Geological  Survey,  p.  202 ;  Meek 

and  Hayden.  1864,  Palsont.  Upp.  Missouri,  Part  1,  pp.  20  and  21,  Figs,  a,  &,  c  d,  e; 

Geinitz,  1866,  Carb.  und  Dyas  m  Neb.,  p.  42,  Tab.  Ul,  Figs.  10, 11,  12, 13, 14, 15, 

16, 17, 18. 
Amhoooelia  gemmuUif  McChesney,  1860,  Descr.  Pal.  Fobs.,  p.  41 ;  also  1865,  Fig.  3  a,  fr,  e, 

PI.  I,  illustrations  of  same. 
Mariinia  planooonvexa,  McChesney,  1869,  Trans.  Chicago  Acad.  Sci.,  Vol.  I,  p.  34,  PL  I, 

Fig.  3. 
Compare  Spir\fer  Urii,  Fleming,  1828,  British  Animals,  p.  376. 

Shell  very  small,  plano-convex,  or  very  rarely  even  a  little  concavo- 
convex,  sometimes  wider  than  long,  in  other  examples  slightly  longer 
than  wide ;  hinge  margin  always  shorter  than  the  greatest  transverse 
diameter  of  the  valves,  and  rounded  at  the  extremities ;  lateral  margins 
and  front  regularly  rounded ;  surface  apparently  smooth,  excepting  a 
few  very  obscure  concentric  marks  of  growth,  but  when  examined  by 
the  aid  of  a  magnifier,  showing  remains  of  the  bases  of  minute  hair- 
like spines.  Dorsal  or  smaller  valve  truncato-suborbicular  in  outline, 
generally  nearly  flat,  with  a  faint  longitudinal  depression  in  front,  some- 
times slightly  convex  near  the  beak,  and  concave  around  the  anterior 
and  lateral  margins;  beak  scarcely  distinct  from  the  cardinal  mar- 
gin ;  area  narrow,  but  well  developed,  or  about  half  as  large  a«  in  the 
other  valve;  socket  plates  a  little  projecting,  like  diverging  teeth  on  each 
side  of  the  small  fissure.  Ventral  valve  very  gibbous,  particularly  in  the 
umbonal  region,  sometimes  with  obscure  traces  of  a  narrow  longitudinal 
depression  along  the  middle,  but  without  a  proper  mesial  sinus ;  beak 
very  prominent,  and  strongly  arched  back  over  the  hinge ;  area  subtri- 
angular,  being  moderately  high  under  the  beak,  but  narrowing  rapidly, 
with  moderately  defined  concave  margins,  to  the  extremities  of  the 
hinge,  and  arching  with  the  beak ;  fissure  rather  narrow,  or  higher  than 
wide,  apparently  rounded  above  under  the  beak,  and  spreading  at  the 
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Length  of  a  medium-sized  specimen,  0.30  inch ;  breadth,  0.31  inch ; 
convexity,  0.17  inch. 

This  abundant  little  shell  agrees  so  closely  with  Spirifer  Urii  of  Plem- 
ing,  that  I  have  been  somewhat  inclined,  as  elsewhere  stated,  to  think  it 
may  really  be  a  variety  of  that  species.  The  only  differences  I  have 
been  able  to  see,  consist  in  its  more  flattened,  or,  in  some  instances, 
partly  concave  dorsal  valve,  and  the  general  (though  not  constant)  ab- 
sence of  anjr  traces  of  a  mesial  sinus  in  its  ventral  valve.  The  fissure 
of  its  ventral  valve  seems  also  to  be  narrower,  and,  so  far  as  known,  not 
partly  closed  by  a  false  deltidium. 

Locality  and  position. — ^Very  abundant  in  division  C  of  thft  Nebraska 
City  section;  also  common  in  division  B  at  that  place;  at  Bennett's  Mill, 
Wyonaing,  and  at  apparently  a  higher  horizon  at  Morton's  and  Werth's 
places,  one  and  three-fourths  to  two  and  three-fourths  miles  west  of  Ne- 
braska City.  It  is  likewise  common  in  still  lower  positions  at  Cedar 
Bluff,  on  Weeping  Water;  Bock  Bluff,  Plattsmouth,  &c.,  on  the  Missouri ; 
aD(l  less  abundantly  at  Bellevue  and  Omaha.  We  also  found  it  at  Brown- 
Tille,  Otoe  City,  Eulo,  &c. ;  indeed,  it  is  one  of  the  most  common  fossils 
of  our  western  Coal-Measures  in  Iowa,  Missouri,  Nebraska,  Kansas,  &c.; 
and  I  have  seen  it  among  some  collections  sent  by  Dr.  Stevens  from  the 
Coal-Measures  near  Pittsburg,  Pennsylvania.  I  have  likewise  identi- 
fied it  among  specimens  sent  by  Professor  J.  J.  Stevenson  from  the 
Lower  Coal-Measures  of  West  Virginia. 

Genus  SPIRIFERINA,  d'  Orbigny. 

Spibifebina  Kentuokensis,  Shumard. 

PL  VI,  Fig.  3  a,  6,  c^  d ;  and  PI.  Vm,  Fig.  11  a,  h.      ' 

Spin/er  ociopTkatuB,  HaU,  1852,  Stansbary's  Salt  Lake  Report,  p.  409,  PI.  XI,  Fig.  4,  a,  & ; 

(not  Sowerby  T  ,  1827). 
KcntuckensiSf  Sbnmard,  1855,  Missonri  Geological  Report,  p.  203;  Hall,  1856, 

Pacific  Railroad  Report,  Vol.  UI,  p.  103,  PI.  II,  Fig  10-11. 
lamimmts,  Geioitz,  1866,  Carb.  una  Dyas  in  Neb.,  p.  45,  Tab.  Ill,  Fig.  19  a,  h,  c, 

d;  (not  S,  laminoauSf  McCoy). 

Shell  rather  small,  varying  from  subglobose,  to  semicircular,  or  even 
subfusiform,  always  wider  than  long;  breadth  sometimes  twice  or  even 
three  times  the  length ;  hingo  line  always  equaling  the  greatest  breadth 
of  the  valves,  occasionally  greatly  extended,  and  terminating  in  slender 
mncronate  ears ;  anterior  and  lateral  margins  generally  forming  a  nearly 
Rem  i -circular  curve. 

Ventral  valve  somewhat  more  convex  than  the  other,  the  greatest 
3on\exity  being  l>etween  the  beak  and  the  middle;  beak  moderately 
prominent,  and  rather  distinctly  arched  or  incurved ;  area  arched,  usually 
)f  moderate  height,  well  defined,  and  extending  nearly  or  quite  to  the 
ateral  extremities,  highest  in  gibbous  specimens,  in  which  it  is  narrow 
iCiir  the  extremities,  while  it  increases  rapidly  in  height,  with  con- 
cave lateral  margins,  toward  the  beak;  foramen,  generally  higher  than 
i^^ide^  with  a  marginal  furrow  on  each  side,  and,  so'far  as  known,  not 
closed  by  a  deltidium ;  mesial  sinus  narrow,  rather  deep,  sometimes  with 
I  small  obscure  rib  along  its  middle,  but  more  frequently  without  it ; 
plications  on  each  side  of  the  sinus  from  about  five  to  eight  or  nine, 
-ather  narrow,  simple,  prominent,  and  a  little  rounded ;  mesial  septum 
)f  interior  moderately  prominent. 

Dorsal  valve  with  greatest  convexity  near  the  middle;  beak  8ca\:<s^l^ 
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projecting  beyond  the  liinge  margin,  more  or  less  incurved  ;  area  very 
narrow,  and  incurved  with  the  beak ;  mesial  fold  narrow,  not  very  prom- 
inent, nor  greatly  larger  than  the  first  plication  on  each  side,  most  gen- 
erally rounded,  but  not  infrequently  with  an  obscure  sulcus  along  the 
middle,  near  the  front ;  lateral  plications  as  in  the  other  valve. 

Entire  surface  of  both  valves  ornamented  with  numerous  closely 
crowded,  very  regulaily  arranged,  subimbricating  lamellae  of  growth, 
strongly  arched  in  passing  over  the  costse ;  over  the  whole  may  also  be 
seen,  by  the  aid  of  a  magnifier,  numerous  granules,  apparently  connected 
with  the  punctures  passing  through  the  shell,  which  are  comparatively 
large  and  distant,  though  regularly  arranged. 

Breadth  of  a  well  developed,  rather  gibbous  specimen,  with  the  hiufl:e 
line  not  greatly  extended,  0.55  inch;  length,  0.38  inch;  convexity,  O.o3 
inch. 

This  species  varies  extremely  in  form,  some  specimens  being  almost 
subglobose,  with  the  hinge  line  not  extended  beyond  the  general  breadth 
of  the  valves  near  the  middle ;  while  other  individuals  have  the  lateral 
extremities  greatly  extended  and  pointed,  even  in  some  cases  more  80 
than  in  the  specimen  represented  by  our  figure.  For  these  most  exteuded 
forms,  Professor  Swallow  has  proposed  in  the  St.  Louis  Academy's  Tiiiiis- 
actions  the  name  Spinfer  propatulus^  as  a  variety  of  the  S.  Kentuckcnm. 
After  a  careful  comparison  and  study  of  an  extensive  series  of  8i>eciuiens, 
it  seems  to  me  that  there  are  all  degrees  of  intermediate  gradations 
between  these  extremes  of  form. 

Some  of  the  less  drawn  out,  or  more  nearly  globose  varieties,  appear 
to  me  to  be  so  nearly  like  Spiriferina  octoplicata,  Sowerby,  that  it  would 
certainly  be  very  difiicult  to  point  out  any  reliable  characters  (yet  known) 
by  which  they  can  be  sei)arated.  The  fact,  however,  that  these  are  so 
inseparably  connected  with  the  others,  greatly  extended  transversely, 
nnd  in  this  respect  so  very  different  froin  8.  octoplicata^  as  figured  aud 
described  in  European  works,  is  at  least  a  sufficient  reason  for  doubting 
the  specific  identity  of  the  American  and  European  forms. 

Mr.  Davidson,  however,  wrote  to  me  that  gibbous  specimens  sent  to 
him  from  Nebraska,  would  scarcely  be  thought  distinct  from  /S.octopHcata 
if  found  in  British  Carboniferous  rocks. 

The  only  specimens  1  have  seen  from  division  C  of  the  Nebraska  City 
S(»ction  being  too  imperfect  to  figure,  1  have  reproduced  ProJessor 
Geinitz's  figures  of  specimens  from  that  division.  We  found  nearly  all 
the  varieties  of  this  shell,  however,  at  that  locality  in  the  next  division 
below,  and  the  figures  3  a  and  3  dj  PI.  VI,  are  given  to  illustrate  the 
extremes  of  form.  Fig.  3  c,  same  plate,  shows  the  interior  of  a  ventnd 
valve  from  the  latter  locality  and  position  with  its  mesial  septum. 

Prof.  Gcinitz  was  certainly  in  error  in  referring  this  shell  to  8.  lami- 
nosuHj  McCoy,  which  is  a  much  larger  species,  with  so  high  an  area  that 
Professor  ^McCoy  even  thought  it  a  Ctfrtia, 

Locality  and  position. — This  species  is  found  in  divisions  C  and  B,  at 
Nebraska  City;  and  at  numerous  localities  and  various  position  in  the 
upper  Coal-Measures  of  Kentucky,  Illinois,  Missouri,  Iowa,  Nebraska, 
Kansas,  &c.,  south  to  Texas  and  New  Mexico;  also  in  the  liower  Coal- 
Measures  of  Illinois  and  Iowa. 
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Genus  TEllEBRATULA,  Llhwyd. 

Terebratula  bovidens,  Morton. 
PL  I,  Fig.  7  a,  by  c,  d,  and  PI.  II,  Fig.  4. 

Terdratula  horidena,  Morton,  183G,  Am.  .Jour.  Sci.,  Vol.  XXIX,  p.  150. 

. boi-idenslf  Hall,  185H,  Iowa  Geol.  Report,  Vol.  I,  Part  II,  p.  711;   McChesnev, 

1869,  Trans.  Chicago  Aca<l.  i^l,  Vol.  I,  p.  37,  PI.  I,  Fig.  2. 
millepuHctata,  Hall,  1856,  Pacific  Railroad  Report,  Vol.  Ill,  p.  101,  PL  II,  Fig- 

1  aud  2. 
(jcniculoftay  MeChesnoy,  1861,  Descriptions  New,  Palaeozoic  Foss.,  p.  82 ;  also  1865, 

iiliist  nit  ions  sanio,  PI.  I,  Fi«?.  2  «,  ft,  c. 
Compiire  Terebratula  arcuata,  Swallow,  1662,  Trans.  St.  Loais  Acad.  Sci.,  II,  p.  83. 

Shell  ovate,  rounded  and  ratlier  compressed  at  the  anterior  aud  ante- 
rior lateral  margins,  and  most  convex  a  little  behind  the  middle;  valves 
nearly  equally  convex;  ventral  valve  strongly  arcuate  longitudinally, 
•  and  presenting  a  reguhirly  increasing  curve,  from  the  front  to  tbe  beak, 
whicliis  moderately  prominent,  and  very  strongly  and  closely  curved  over 
and  upon  that  of  the  other  valve;  foramen  a  little  oval,  and  not  trun- 
cating the  immediate  apex  of  the  beak,  but  situated  directly  outside  of 
it;  mesial  sinus  rather  wide,  and  rounded  at  the  front,  but  narrowing 
aud  becoming  less  deep  further  back,  until  it  dies  out  near  the  curve  of 
the  umbo,  which  is  sometimes  slightly  flattened.  Dorsal  valve  often 
nearly  straight,  or  but  slightly  convex,  along  the  middle,  from  the  beak 
to  the  front,  where  its  margin  is  usually  somewhat  raised  for  the  recep- 
tion of  the  slightly  prwluced  margin  of  the  other  valve  at  the  termina- 
tion of  the  sinus;  sides  sloping  from  the  middle  to  the  lateral  margins 
alon^  nearly  the  entire  length  of  the  valve;  beak  terminating  directly 
under  that  of  the  other  valve,  without  any  distinct  curvature.  Surface 
nearly  smooth,  or  only  showing  moderately  distinct  marks  of  growth  ; 
and,  by  the  aid  of  a  magnifier,  exhibiting  very  distinctly  the  moderately 
large  regularly  arranged  punctures. 

Length  of  a  medium-sized  individual,  0.64  inch  j  breadth  of  ditto,  0.50 
inch;  convexity,  about  0.28  inch. 

This  shell  often  exhibits  almost  eiracf/y  the  external  form  and  appear- 
ance of  T.  elongaia^  Schlot.,  as  figured  by  Professor  Geinitz,  in  his  work 
on  the  German  Permian  fossils  (Dyas),  PI.  XV,  particularly  the  form 
represented  by  his  figures  14  and  15.  This  resemblance  is  so  striking 
that  there  can  be  no  doubt  whatever  that  he  would  hav^e  unhesitatingly 
referred  the  Nebraska  shell  to  that  species,  had  Professor  Marcou 
found  it. 

Mr.  David.son  and  several  other  good  authorities  on  the  Brachiopoda 
re^^rd  the  Permian  T.  elongata  and   T.  svfflata  as  only  varieties,  or 
recurrent   forms   of   the   Carboniferous    T.    hastata.       However    this 
may  bo,  I  can  onl^-  say  that  our  shell  is  very  constant  in  its  characters, 
never  presenting  but  slight  variations  from  the  forms  figured  on  PI.  1, 
which  will  be  seen  to  resemble  most  nearly  the  T.  elongata  of  the  Euro- 
pean Permian  rocks,  as  figured  by  Professors  King  and  Geinitz.    Were 
it  not  for  the  fact  that  the  foramen  of  that  shell  truncates  (according  to 
Professor  King)  the  immediate  extremity  of  the  beak,  instead  of  per- 
forating it  a  little  outside  of  its  apex,  I  confess  it  would  be  extremely 
difficult,  if  not  impossible,  to  separate  our  shell,  upon  any  known  external 
iliaractei*s  from  certain  forms  of  T,  elongata.    Yet  I  am  assured  by  Dr. 
White  that  he  has  ground  off  Iowa  specimens,  in  no  way  distinguish- 
able from  T.  hovidenSy  so  as  to  show  the  loop  through  the  translucent  cal- 
careous matter  filling  the  interior,  and  that  it  is  elongated  as  in  Wald- 
hciiiiia^  and  not  short  as  in  true  Terebratula,    If  the  appeavawe^  o^  ^ 
long  looj>,  seen  by  Dr.  White,  is  not  due  to  some  other  cause,  ot  eowx^sje^ 
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our  shell  cannot  be  properly  referred  to  any  variety  of  T.  elongaiaj  or 
other  allied  European  form  of  true  Terebratula. 

Professor  Swallow  has  described,  under  the  name  T.  areuata^  from  the 
Lower  Carboniferous  rocks  at  Chester,  Illinois,  a  shell  agreeing  appa- 
rently exactly,  in  all  external  characters,  with  this,  but  it  is  desirable 
that  their  internal  characters  should  be  compared  before  arriving  at 
any  positive  conclusions  respecting  their  identity. 

Locality  and  position. — The  specimen  represented  on  PI.  II,  Fig.  4,  was 
found  at  Plattsmouth,  and  figures  1  a,  fe,  c,  on  Plate  I,  are  from  a  speci- 
men found  three  miles  up  Platte  Eiver,  on  the  north  side,  in  abed  hold- 
ing a  position  a  little  lower  than  those  at  Plattsmouth.  Fig.  7  d,  rep- 
resents a  larger  specimen  from  the  Coal-Measures  of  Indian  Creek, 
Kansas.  Professor  McChesney  figured  it  from  the  Upper  Coal-Measures 
of  La  Salle,  Illinois ;  and  Professor  Hall  from  the  same  horizon  in  New 
Mexico.  Dr.  Morton  first  figured  and  described  it  from  the  Coal-Meas- 
ures of  Ohio.  It  also  occurs  at  various  localities  in  the  Cpper  Coal- 
Measures  of  Iowa,  Missouri,  and  Kansas,  as  well  as  in  the  Lower  Coal- 
Measures  of  Illinois,  though  it  is  not  usually  abundant  at  any  one 
locality. 

LAME  L  LIB  R  A  NO  m  AT  A. 

Genus  LIMA,  Bruguiere. 

• 

Lo£A  BETIFEBA,  Shumard. 
PI.  IX,  Fig.  5. 

lAma  retifera,  Shmnard,  1858,  Trans.  St.  Louis  Acad.  Sci.,  1,  p.  214  ;   Geinitz  f ,  1866, 
Carb.  nnd  Dyas  in  Neb.,  p.  36,  Tab.  II,  Figs.  20  and  21. 

Shell  obliquely  subovate,  moderately  convex,  apparently  not  gaping 
in  front;  hinge  line  short,  or  betweeu  one-half  and  one-third  the  antero- 
posterior diameter  of  the  valves ;  base  forming  a  nearly  regular  semicir- 
cular curve ;  anterior  side  extended  obliquely  forward,  rather  nanx)wly 
rounded  below,  and  straight  or  slightly  concave  in  outline,  with  a  rather 
long  oblique  slope  to  the  hinge  above ;  posterior  side  distinctly  shorter 
than  the  other,  and  rounding  from  near  the  ear  into  the  base;  ears  sob- 
equal,  the  front  margin  of  the  anterior  one  forming  an  obtuse  angle 
with  the  hinge  line,  rather  distinctly  flattened  from  the  swell  of  the 
umbo,  and  somewhat  extended  along  the  anterior  margin  below ;  poste- 
rior ear  a  little  more  convex  than  the  other,  with  its  upper  margin  in- 
curved, and  its  lower  margin  separated  from  the  umbo  by  a  faint  oblique 
furrow,  sometimes  faintly  sinuous  behiud,  and  nearly  rectangular  at  its 
extremity ;  umbones  rather  convex  or  moderately  compressed,  extend- 
ing very  little  above  the  cardinal  margin,  and  placed  near  the  middle 
of  the  same ;  surface  ornamented  by  about  twenty -five  slightly  irregu- 
lar, angular,  radiating  costse,  about  equaling  the  spaces  between,  and 
occasionally  bifurcating  on  the  umbones  and  lateral  margins  of  the  body 
part  of  the  valves,  where  they  become  obsolete;  crossing  all  of  these,  as 
well  as  on  the  ears  and  lateral  margins,  are  numerous  fine  concentric 
striae. 

Height  of  a  well-developed  specimen,  0.50  inch ;  antero-posterior  di- 
ameter of  same,  0.62  inch ;  convexity,  about  0.40  inch ;  length  of  hinge, 
0.27  inch. 

A  fine  series  of  specimens  of  this  shell  now  before  me  shows  it  to  agree 
well  with  Dr.  Shumard's  description,  and  I  have  no  doubt  in  regard  to 
its  identity  with  his  species.    It  should  be  borne  in  mind,  however,  in 
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aki]]g  comparisons  with  his  description,  that  he  has  inadvertently  de- 
ribed  the  longer  or  anterior  side  as  the  anal  side,  and  the  posterior  as 
le  buccal  side.  I  fully  agree  with  Dr.  Shumard  in  regarding  it  as  hav- 
ig,  at  least,  all  the  external  characters  of  a  true  Lima,  I  am  aware  this 
ict  may  be  appealed  to  as  an  evidence  that  these  beds  should  be  in- 
nded  in  the  Permian  ;  but  it  should  not  be  forgotten  in  this  connection 
lat  the  species  was  originally  described  by  Dr.  Shumard  from  ac- 
nowledged  Coal-Measure  beds  in  the  valley  of  Verdigris  River,  Kansas, 
rhere  it  was  found  directly  associated  with  the  well-known  Carbonifer- 
us  types  Fusulina  cylindrica  and  Productus  Nebrascensis.  The  only  re- 
aaiuing  portion  of  the  shell  of  this  species,  in  all  the  specimens  I  have 
een^  is  a  thin  layer  preserving  the  surface  markings  so  distinctly  as  to 
eave  the  impression  that  it  is  the  outer  layer ;  yet,  in  examining  it  by 
he  aid  of  a  high  magnifier  and  a  strong  transmitted  light,  it  seems  to 
)resent  a  prismatic  stinicture. 

Locality  and  po8ition.r--DiviBion  C  of  the  Nebraska  City  section,  and  in 
;he  Coal  Measures  on  Verdigris  Elver,  Kansas.  It  also  ranges  through 
he  whole  of  the  Coal-Measures  of  Dlinois. 

Genus  ENTOLIUM,  Meek. 
Entolium  aviculatum,  Swallow,  sp. 

PI.  IX,  Fig.  11  a,  fe,  c,  dy  e,/. 

Pedm  amculahUf  Swallow^  1856,  Trans.  St  Louis  Acad.  Sci.,  Vol.  I,  p.  215. 

Shell  compressed  lenticular,  very  thin,  nearly  or  quite  equivalve,  sub- 
orbicular,  or  broad  subovate  in  outline  exclusive  of  the  ears,  the  antero- 
posterior diameter  being  often  a  little  less  than  that  at  right  angles  te 
the  same ;  sides  and  base  more  or  less  regularly  rounded ;  lateral  mar- 
gins above  the  middle  apparently  a  little  gaping,  straight^  and  converging 
to  the  beaks  at  an  angle  of  115^  to  125°;  cardinal  margin  very  short,  or 
less  than  one-third  the  transverse  diameter  of  the  valves,  and  in  the  left; 
valve  generally  concave,  or  more  or  less  sloping  in  outline,  from  the 
extremities  of  the  ears  to  the  beaks;  straight  or  nearly  so  in  the  right 
valve ;  ears  small,  flat,  very  nearly  equal,  obtusely  angular  at  the  ex- 
tremities, and  separated  fh)m  the  body  of  the  valves  by  an  impressed 
line,  not  defined  by  any  proper  sinus  in  either  valve,  though  the  broad 
i)btn8e  notch  separating  the  anterior  one  from  the  straight,  sloping  ad- 
Hcent  margin  is  slightly  more  defined  than  the  other;  beaks  small, 
"nther  compressed,  equal,  and  not  projecting  beyond  the  cardinal  margin. 
i)ach  valve  with  two  shallow  undefined  impressions  diverging  from  the 
>eak  nearly  to  the  anterior  and  i)osterior  margins;  that  on  the  posterior 
ide  being  longer  than  the  other.*  Surface  with  very  fine  close  concen- 
ric  striae  scarcely  visible  without  the  aid  of  a  magnifier;  crossing  these 
re  also  sometimes  seen  traces  of  extremely  minute  radiating  stiia;,  curv- 
)g  gracefully  outward  toward  the  lateral  margins.! 
Anteroposterior  diameter  of  a  specimen  a  little  under  medium  size, 
85  inch ;  height,  0.89  inch ;  length  of  hinge  line,  0.27  inch.  Specimens 
re  sometimes  found  of  nearly  double  these  dimensions. 

*  Owing  to  the  thinness  of  the  sheU  these  impressions  appear  as  ridges  on  the  inside  of 
e  valves. 

t  In  most  of  the  specimens  these  radiating  strise  are  entirely  ohsolete.  even  as  seen 
ider  a  magnifier ;  and  it  is  generally  only  on  specimens  that  have  been  slightly  weath- 
ed  that  they  are  most  distinctly  seen,  while  even  on  these  they  seem  to  be  more  due 
some  peculiarity  of  the  shell  structurCf  than  proper  surface  sculpturing,  the  shell 
owing  a  di8X>o8ition  to  crack  along  these  curved  lines.  Both  these  aud  the  eoii<^\i\.T\Q 
riaB  are  almost  invisible  to  the  unoBsisted  eye. 


i 
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This  shell  evidently  belongs  to  a  gronp  for  which  I  proposed,  in  the 
California  Report,  the  name  Eiitolium^  with  Pecfen  deviissus^  Phillips 
(not  Fleming),  as  illustrated  in  Qnenstedt's  Der  Jura,  PL  48,  Fig.  6,  as 
the  type.  At  the  time  of  proposing  this  name  I  was  under  the  im- 
pression that  the  valves  of  these  shells  were  closed  on  each  side,  but  the 
species  here  under  consideration  seems  to  have  been  gaping  on  the  sides 
above  the  middle.  This  being  the  case,  I  am  not  sure  the  group  is  more 
than  subgenerically  distinct  from  Pseud'amtissium^  Brug.,  1789.*  It  diflfers 
from  Amiissium  mainly  in  having  n"o  internal  costae,  and  in  having  the 
valves  more  nearly  equal,  with,  sometimes,  minute  radiating  striie,  and 
no  traces  of  a  sinus  under  the  anterior  ear  in  either  valve.  The  species 
known  to  me  have  the  cardinal  margin  of  the  lett  valve  angulated  in 
outline  by  the  elevation  of  the  extremity  of  the  ears  5  while  that  of  the 
right  valve  seems  to  be  straight,  and  articulatd  in  a  little  transverse 
groove  of  the  other  valve,  not  always  defined,  however  (see  Fig.  14  g,g^ 
PI.  IX,  copied  from  Qaenstedt's  figure  of  Pecten  demissus,  taken  from 
an  impression  of  the  hinge  left  in  the  matrix).  The  cartilage  pit  is  as 
in  other  allied  types  of  the  PecUnidw,  while  diverging  from  it  are  two 
elongated  tooth-like  ridges  (f,  t  of  Quenstedt's  figure).  These,  however, 
do  not  seem  to  have  been  properly  teeth,  fitting  into  sockets,  but  appear 
to  have  been  a  little  raised  in  both  valves,  and  occupy  a  position  be- 
tween the  ears  and  the  broad  diverging  impressions,  descending  obhquely 
from  the  beaks. 

On  some  of  the  internal  casts  of  this  shell  I  have  noticed  some  very 
singular  fine  sculpturing,  rather  difficult  to  account  for.  It  closely  1^ 
sembles  the  zigzag  markings  seen  on  the  surface  of  the  group  of  Nucuk 
for  which  H.  and  A.  Adams  proposed  the  name  Acila;  but  is  exceedingly 
fine  and  obscure,  being  formed  by  numerous  very  regularly-  and  closely 
arranged,  distinctly  zigzag  lines,  traversing  the  valves  with  a  general 
direction  parallel  to  the  curve  of  the  marks  of  growth.  Fig.  11  cf,  of 
Plate  IX,  shows  these  markings  as  seen  by  the  aid  of  a  magnifier.  The 
most  singular  fact  in  regard  to  these  zigzag  lines  is  that  they  have  no 
connection  whatever  with  the  surface  striae,  since  they  are  onl^^  seen  on 
internjil  casts,  often  retaining  portions  of  the  shell,  with  the  usual  minnte 
concentric  lines,  and  showing  no  trace  externally  of  these  inner  markings. 
They  seem  also  to  be  more  frequently  seen  on  casts  of  the  left  valve, 
though  on  casts  of  many  of  the  left,  and  apparen  tly  all  of  those  of  the  right, 
they  are  entirely  wanting.  In  regard  to  their  complete  absence  from  the 
interior  of  right  valves,  there  may  be  some  room  for  doubts,  as  it  is  only 
under  the  most  favorable  circumstances,  where  casts  have  been  formed 
of  exceedingly  fine  clays,  that  they  are  to  be  seen.  They  are  possihly, 
as  it  were,  a  sort  of  effort  at  internal  markings,  of  a  ver^^  difi'erent 
kind,  bat  in  some  respects  analogous  to  the  internal  costaeof  Amiufsium, 
Professor  Winchell,  in  1865,  proposed  the  name  Pemopecten  for  a 
type  (Aviculopecten  limaformis^  White  and  Whitfield)  from  near  the  hase 
of  the  Lower  Carboniferous,  that  agrees  exactly  with  this,  in  all  external 
characters,  but  differs  in  having,  in  addition  to  the  central  cartilage  pit, 
a  row  of  minute  pits  or  crenulations  along  the  whole  hinge  line.  From 
Camptonectes  of  Agassiz,  the  shell  under  consideration  differs  in  having 

*  Klein  first  usc^d  the  name  Pseudo-Amugiumj  in  175.3,  and  H.  and  A.  Adams  have 
proposed  to  adopt  it  for  a  group  including  some  forms  more  or  less  like  oar  shell,  and 
others  quite  distinct.  If  the  name  is  to  l>e  retained,  however,  Bruguiere  should,  I  wonld 
think,  have  to  be  regarded  as  the  author  of  the  genus,  ns  Klein  was  not  a  binomial 
author,  while  Bruguicro  is  the  first  binomial  author  {hat  used  it  after  the  introduction 
of  the  l)inomial  nomenclature,  and  with  a  diagnosis.  He  limiteil  it  to  smooth  species 
with  only  fine  radiating  striae. 
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DO  sinus  under  the  anterior  ear  of  either  valve,  and  in  wanting  the  dis- 
tinct radiating  curved  surface  striae. 

It  is  certainly  congeneric  with  Pernopecten  ShumarcU  of  Winchell 
(which  seems  to  be  the  same  shell  previously  described  by  Dr.  Shuinard 
in  the  Missouri  report  under  the  name  Avicula  Cooperensis*),  and  I  must 
confess  that  I  cannot  clearly  see  how  it  differs  even  spocitically,  although 
the  two  shells  came  from  widely  different  horizons.  The  species  Cooper- 
c/i»w,  or  Shumardij  came  from  the  lowest  division  of  the  Carboniferous 
in  Missouri  and  Iowa,  and  occurs  in  the  same  horizon  in  Ohio.  I  have 
seen  its  hinge,  however,  and  it  has  not  the  crenated  character  of  the 
type  of  Pemope^itenj  hut  agrees  with  that  of  the  shell  under  consider- 
ation, as  the  species  does  in  all  other  known  characters. 

Compared  with  European  species,  our  shell  will  be  seen  to  be  very 
nearly  allied  to  Pecten  Sowerhyi  of  McCoy  (Carb.  Fossils  of  Ireland,  p. 
100,  PI.  XIV,  Fig.  1),  from  the  Carboniferous  rocks  of  Ireland,  which 
can  scarcely  belong  to  any  other  group  than  this,  though  it  would  appear 
to  differ  si)ecifically,  in  having  stronger  concentric  markings,  without  any 
traces  of  the  minute  obscure  radiating  striae  sometimes  seen  on  this,  as  well 
as  in  having  its  ears  more  pointed  and  elevated,  as  may  be  seen  by  Fig. 
13  a  of  our  Plate  IX,  reproduced  from  McCoy's  original  figure.  It  is 
worthy  of  note  that  McCoy  has  noticed  (British  Palaeozoic  Fossils,  p.  475) 
that  exfoliated  laminae  of  his  species  exhibit  minute  zigzag  divaricating, 
scratch-like  markings,  like  those  observed  in  that  here  under  consid- 
eration. 

Locality  and  position. — This  species  is  common  in  division  C  of  the 
Xebi-aska  City  section.  It  also  occurs  in  division  B,  at  Bennett's  Mill, 
three  miles  northwest  of  Nebraska  City,  and  at  lower  positions  in  the 
Coal-Measures  at  Plattsmouth,  and  at  several  localities  near  Kock  Bluff 
on  the  Missouri.  Dr.  White  has  found  it  at  various  localities  in  the  Upper 
Coal-Measures  of  Iowa,  and  it  occurs  in  the  same  horizon  in  Kansas, 
from  which  position  it  was  lirst  described,  by  Professor  Swallow.  It  like- 
wise occurs  in  both  the  Upper  and  Lower  Coal-Measures  of  Illinois. 

Genus  AVICULOPECTEN,  McCoy. 

AvicuLOPECTEN  occiDENTALis,  Shumard,  sp. 

PI.  IX,  Fig.  10. 

Pfcien  occidentaliSf  Shamard,  1855,  Missouri  Report,  p.  207,  PI.  C,  Fie.  18 ;  (not  Winchell). 

Cleavdandieus,  Swallow,  1858,  Trans.  St.  Lonis  Acad.  Sci.,  Vol.  I,  p.  184. 

Aricnlopeclcn 1,  Meek  and  Hayden,  1864,  Paleont  Upper  Mo.,  p.  50,  PI.  II,  Fipj.  10. 

ocddenUHis^,  Meek  and  Worthen,  1866,  Geol.  Report,  Illinois,  Vol.  11,  p.  :J31,  PI. 

XXVII,  Fig.  4  and  5. 
Pecten  Misfiauriensi8lf  Geinitz,  1866,  Carb.  und  Dyas  in  Neb.,  p.  35,  Tab.  II,  Fig.  18;  (not 

Shumard,  1855). 

Shell  distinctly  inequivalve,  not  oblique ;  subovate  exclusive  of  the 
ears;  lateral  and  basal  margins  regularly  rounded ;  hiuge  margin  nearly 
or  quite  equaling  the  greatest  breadth  of  the  valves ;  cardinal  plate  of 
moderate  breadth.  Left  valve  convex,  with  ears  subequal ;  anterior  one 
with  distinct  radiating  costse,  more  convex,  shorter,  and  more  obtuse 
than  the  posterior,  as  well  as  more  defined  from  the  swell  of  the  umbonal 

•  It  should  be  mentioned  here  that  the  engraver  exaggerated  the  very  obscure  ribs 
sometimes  (but  rarely)  seen  on  Shumard's  species,  in  the  figure  given  in  the  Missouri 
report,  and  that  the  out  line  of  the  right  ear  of  the  same  figure  is  not  exactly  correct. 
The  species  is  nearly  always  destitute  of  any  traces  of  ribs,  aa  I  know  from  examining 
numerous  specimens  from  the  original  locality.  These  agree  exactly  with  Prof. 
Wincbell's  P.  Shumardu 
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Blope ;  posterior  ear  flattened  and  more  angular  at  the  extremity  &aii 
the  other,  sometimes  without  radiating  costSB,  but  in  other  instances 
having  them  more  or  less  developed,  eaeh  separated  from  the  margin 
below  by  a  rounded,  rather  broad,  more  or  less  deep,  sinus.  Eight  valve 
nearly  flat,  and  having  the  general  outline  of  the  other,  excepting  that 
its  beak  is  scarcely  distinct  from  the  cardinal  margin,  and  its  anterior 
ear  much  narrower,  and  defined  by  a  deep,  sharply  angular  sinus.  Sur- 
face of  left  valve  ornamented  with  rather  depressed  or  flattened  irregular 
radiating  costae,  of  which  only  about  twelve  or  fourteen  of  the  largest 
reach  the  beak,  the  others  dying  out  at  various  distances  between  the 
margins  and  the  umbo,  in  proportion  to  size,  the  larger  of  the  inter- 
calated ones  being  longer  than  the  smaller;  crossing  all  of  these  are 
numerous  fine  concentric  strisB,  some  of  which  on  the  ears,  particularly 
on  the  anterior  one,  often  form  little  vaulted  scales;  in  well-preserved 
specimens  these  vaulted  projections  are  strongly  developed  on  one  of 
the  posterior  costSB  of  the  body  part  of  the  valve.  Surface  of  right  valve 
with  generally  only  very  obscure  ^radiating  costSB,  and  fine  crowded 
lines  of  growth. 

Height  of  a  rather  large  specimen,  1.65  inches ;  breadth,  from  1.40  to 
1.55  inches ;  convexity,  about  0.28  inch. 

The  foregoing  description  is  taken  from  well-preserved  specimens, 
showing  the  surface  markings  better  than  any  examples  I  had  previously 
seen.  As  usually  found  in  the  condition  of  casts,  the  vaulted  scales 
mentioned  on  the  wings,  and  afew  of  the  lateral  costae,  are  entirely  absent. 
This  character  is  also  variable  in  specimens  showing  the  surface  well 
preserved,  it  being  scarcely  possible  to  find  any  two  individuals  with 
it  equally  well  developed,  while  in  many  instances  it  is  nearly  or  entirely 
wanting. 

1  have  copied  Professor  Qeinitz's  figure,  because  we  found  no  ex- 
ample ot  this  shell  in  Professor  Marcou's  bed  C,  at  Nebraska  City. 
If  this  figure  is  accurately  drawn,  the  specimen  from  which  it  was  made 
may  possibly  be  a  diflerent  species,  since  it  represents  the  anterior  ear 
of  the  left  valve  more  angular  than  I  have  ever  seen  it  in  this  shell. 
This,  however,  is  probably  a  slight  error  in  the  drawing  in  restoring  a 
portion  of  the  ear  partly  broken  away  or  hidden  in  the  matrix,  since 
among  the  great  numbers  of  specimens  I  have  seen  from  these  rocks, 
at  numerous  localities  in  that  and  the  a<^oining  States,  there  is  no  other- 
wise similar  shell  agreeing  with  this  figure  in  this  respect.  His  speci- 
men being  a  cast,  of  course  does  not  show  the  vaulted  scale-like  surface 
character  mentioned  in  the  foregoing  description.  Professor  Greinitz 
was  certainly  mistaken,  however,  in  referring  the  form  he  has  figured 
to  A,  Mmduriensis  of  Bhumard,  which  is  a  smaller  species,  unluiown 
above  the  St.  Louis  Limestone  of  the  Lower  Carboniferous  series. 

Locality  and  position. — Aviculopecten  oceidentalia  has  an  extensive 
geographical  distribution,  as  well  as  a  considerable  vertical  range.  It 
occurs  at  numerous  localities  in  the  Upper  Coal-Measures  of  Illinois, 
Missouri,  Iowa,  Eastern  Nebraska,  Kansas,  and  Kentucky,  as  well  as 
iu  the  Low§r  Coal-Measures  of  the  first  mentioned  State ;  and  has  been 
found  near  the  Black  Hills.  It  occurs  in  the  Coal-Measure  rocks  above 
the  Platte,  in  Iowa  and  Nebraska,  referred  by  Mr.  Marcou  to  the  Moun- 
tain Limestone;  in  those  at  the  mouth  of  Platte  River  referred  by  him 
to  the  Lower  l)yas ;  and  at  Rock  Bluff,  Bennett's  Mill,  Wyoming,  Ne- 
braska City,  &c.,  in  beds  included  by  him  and  Professor  Qeinitz  to  the 
Upper  Dyas.  In  Kansas  it  ranges  through  the  whole  Upper  Coal  Meas- 
urej5,  and  Permo-carboniferous,  into  the  Permian.  I  have  never  seen 
it  at  any  western  lociility  in  any  of  the  Lower  Carboniferous  or  older 
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rocks;  bnt  from  Kova  Scotia  I  have  seen  casts  of  a  form  that  could  not 
be  distingaished  from  it,  obtained  from  beds  generally  regarded  as  Lower 
Carboniferous. 

AVICULOPEOTEN  NEGLECTUS,  Gciuitz,  Sp. 

PI.  IX.,  Fig.  1  a,  b. 

Pedm  neglectus,  G^initz,  1856,  Carb.  and  Dyas  in  Neb.,  p.  33,  Tab.  II,  Fig.  17. 
Aviadopecten  neglechUf  Meek,  1867,  Am.  Jour.  Set.  &.  Arts,  Vol.  XLIV,  sec.  ser.,p.  183. 

Shell  very  small,  broad  subovate  exclusive  of  the  ears,  very  thin, 
rather  compressed ;  sides  and  base  more  or  less  regularly  rounded ;  car- 
dinal margin  shorter  than  the  breadth  of  the  valves.  Left  valve  (ac- 
cording to  Professor  Geinitz-s  figure)  with  ears  nearly  equal,  the  ante- 
rior one  separated  from  the  margin  below  by  a  broad,  very  shallow  sinus, 
and  forming  less  than  a  right  angle  at  its  extremity;  posterior  ear 
extending  farther  down  the  margin  than  the  other,  very  faintly  sinuous 
behind,  and  forming  an  angle  of  about  1.00^  at  the  extremity.  Eight 
valve  with  anterior  ear  narrow  and  rather  acutely  angular,  defined  by 
a  deep,  narrow  sinus,  extending  back  about  half  its  length ;  posterior 
ear  of  about  the  same  length,  but  of  greater  vertical  breadth  than  the 
other,  rather  pointed  at  the  extremity,  and  defined  by  a  moderately 
deep,  broadly  rounded  sinus,  and  a  subjugular  umbonal  slope.  Surface 
of  the  body  part  of  both  valves  apparently  only  marked  by  fine  concen- 
tric striae ;  ears  with  a  few  radiating  costae,  crossed  by  fine  striae  and  a 
few  coarser  marks  of  growth. 

Height  and  breadth  each,  0.26  inch:  length  of  hinge,  0.21  inch. 

This  little  species  is  rather  remarkable  in  having  the  body  part  of  the 
valves  with  apparently  only  fine  concentric  striae,  while  the  ears  are 
ornamented  with  a  few  comparatively  distinct  radiating  costae.  I  know 
of  no  species  with  which  it  is  liable  to  be  confounded. 

The  8i)ecimen  figured  by  Professor  Geinitz  is  a  left  valve,  while  those 
I  have  seen  are  all  right  valves.  The  latter  are  mainly  casts,  but 
one  of  them  retains  portions  of  the  shell.  On  raising  a  small  piece  of 
this  with  the  point  of  a  knife,  and  placing  it  under  the  microscope, 
where  it  could  be  examined  by  a  strong  transmitted  light,  it  was  found 
to  present  distinct  indications  of  a  prismatic  structure,  apparently  not 
due  to  crystallization.  As  this,  the  only  remaining  portion  of  the  shell, 
is  exceedingly  thin,  and  consists  of  a  single  apparently  prismatic  layer, 
I  have  little  doubt  that  the  inner  laminated  portion  of  the  shell  has 
been  dissolved  away,  as  seems  to  have  been  the  case  in  other  species  in 
these  rocks. 

Locality  and  position, — Division  C  of  the  section  at  Nebraska  City. 
It  also  occurs  both  in  the  Upper  and  Lower  Coal-Measures  of  Illinois. 

AVICULOPECTEN  CARBONIFERUS,  StCVCUS,  Sp. 

PI.  lY.,  Fig.  8,  and  PL  IX,  4  a,  b. 

« 

Pecien  earh(miferuSf  Stevens,  1858,  Am.  Jour.  Sci.  and  Arts,  Vol.  XXY,  p.  261. 

Broadheadiif  SwaUow,  1862,  Transactions  St..  Louis  Academy  Sci.,  Vol.  II,  p.  97.' 

Haumi,  Geinitz,  1866,  Carb.  und  Dyas  in  Neb.,  p.  36,  Tab.  II,  Fig.  19  a,  6. 

Shell  rather  small,  slightly  oblique,  moderately  convex,  length  and 
breadth  nearly  equal ;  hinge  line  nearly  or  quite  straight,  and  somewhat 
less  than  the  greatest  breadth  of  the  valves,  provided  with  a  marginal 
ridge  in  both  valves ;  basal  margin  regularly  rounded.  Left  valve  more 
sonvex  than  the  other;  posterior  ear  rather  well  defined  from  t\i^  ^\9^!\ 
H.  Ex.  19 13 
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of  the  nmbo,  somewhat  extended  and  terminating  in  an  acute  point, 
separated  from  the  margin  below  by  a  deep  round^  sinus;  anterior  ear 
about  two-thirds  as  long  as  the  other,  and  rather  more  distinct  from  the 
limbo  and  more  obtuse,  but  still  rather  acutely  angular,  defined  by  amod- 
erately  distinct  subangular  sinus.    Right  valve  nearly  flat,  or  distinctly 
less  convex  than  the  other ;  its  anterior  ear  narrow,  and  defined  by  a 
deep,  rather  sharp  sinus ;  posterior  ear  of  the  same  size  and  form  as  in 
the  left  valve.    Surface  ornamented  in  the  left  valve  with  about  fifteen 
or  sixteen  regular,  distinct,  angular,  radiating  plications,  separated  by 
furrows  of  the  same  size,  each  one  of  which  terminates  at  the  free  bor- 
der in  a  little  spine-like  projection  with  curved-up  margins ;   lines  oi 
growth  fine  on  the  body  of  the  valve,  but  becoming  more  distinct  ami 
irregular  on  the  ears,  where  there  are  rarely  any  defi^ned  radiating  cost«. 
At  a  few  distantly  separated  intervals  there  are  prominent  imbricating 
laminae  of  growth,  showing  the  same  digitate  margins  as  the  free  bor- 
ders of  the  shell.    In  the  right  valve  the  surface  markings  are  somewhat 
like  those  of  the  other  valve,  but  much  more  obscure,  excepting  on  the 
anterior  wing,  where  there  are  a  few  more  distinct  radiating  cost^. 

Height  of  the  largest  specimen  seen,  0.73  inch  to  extremity  of  pro- 
jecting marginal  spines ;  breadth,  0.75  inch ;  length  of  hinge,  0.57  inch. 

In  all  of  sixteen  or  eighteen  individual  specimens  I  have  seen,  of  the 
left  valve,  the  sinuous  posterior  margin  under  the  wing  is  smoothly 
rounded  in  outline.  In  one  individual,  however,  agreeing  in  all  other 
respects  with  the  others,  this  part  of  the  margin  is  evidently  also  pro- 
vided with  a  few  smaller  projecting  points  than  those  at  the  termina- 
tions of  the  furrows  between  the  cost®  on  the  body  of  the  valve.  There 
were  no  radiating  furrows  or  costae,  however,  on  the  ear  corresponding 
to  those  little  projections. 

The  flattened  right  valves  of  this  species  I  have  seen,  are  not  in  a  con- 
dition to  show  very  clearly  whether  its  free  margin  is  digitate,  like  that 
of  the  other,  though  it  seems  not  to  be :  at  any  rate  not  so  distinctly  so. 

On  first  seeing  Professor  Geinitz's  figure  of  this  shell,  I  believed  it  to 
be  the  same  species  described  from  the  Upper  Coal-Measures  of  !North- 
western  Missouri  by  Professor  Swallow,  under  the  name  Pecten  Broad- 
hetidiL  Some  time  after,  I  wrote  to  Mr.  Broadhead,  who  discovered  the 
typical  specimens  described  by  Professor  Swallow,  and  requested  him  to 
send  me  a  specimen  of  the  P.  Broadheadii  from  the  original  locality, 
which  he  kindly  did,  and  it  proved  to  be  exactly  the  same  shell  flgured 
by  Professor  Geinitz.  Still  later,  I  notice  among  the  descriptions  of 
some  fossils  ivom  the  Coal-Measures  of  Illinois,  published  by  Dr.  Stevens 
in  1858,  one  of  a  Pecten  that  seemed  to  agree  quite  well  with  the  P. 
Broadheadii^  and  on  examining  a  good  series  of  specimens  from  the  same 
locality,  I  found  the  same  shell  quite  common  among  them ;  and  Dr. 
Stevens  has  also  assured  me  that  Professor  Geinitz's  figure,  of  which  I 
sent  him  a  tracing,  certainly  represents  his  species. 

The  only  specimens  of  this  species  I  have  seen  consist  entirely  of  what 
seems  to  be  the  thin  outer  layer  of  the  shell,  in  which  there  appears  to 
be  a  prismatic  structure,  as  seen  by  the  aid  of  the  microscope  and  a 
.strong  transmitted  light.  They  show  no  flattened  cardinal  plate,  but  a 
furrow  along  the  inner  side  of  the  hinge  margin  of  each  valve.  The 
cardinal  plate  or  area  was  doubtless  composed,  as  in  other  case^,  of  the 
inner  laminated  portion  of  the  shell,  that  has  been  destroyed  during  the 
fossilizing  process ;  if  not,  it  would  seem  to  be  a  new  genus. 

Locality  and  position, — Division  C  of  the  Nebraska  City  section.  It 
was  likewise  found  in  Mr.  Morton's  shaft,  a  short  distance  we«t  of  Ne- 
braska City.    Dr.  White  has  also  found  it  in  the  upper  part  of  the 
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Middle  Coal-Measures,  and  near  the  middle  of  the  Upper  Coal-Measures, 
in  Iowa ;  and  it  occurs  in  the  Upper  and  Lower  Goal-Measures  of  Illinois 
at  numerous  places ;  also,  in  the  Lower  Coal-Measures  of  West  Virginia. 

AvicuLOPECTEN  Whitei,  Meek. 
PL  IV,  Fig.  11  a,  6,  c. 

tArkula — ,  Professor  H.  D.  Rogers,  1858,  Geological  Report  of  Pennsylvania,  Vol.  II,  p. 

633,  Fig.  689. 

Shell  truncato-suborbicular,  thin,  compressed,  nearly  or  quite  equi- 
TalTe ;  length  and  breadth  nearly  equal ;  basal  and  interior  and  pos- 
terior basal  margins  regularly  rounded  5  posterior  margin  not  sinuous 
above,  but  rather  straight  and  intersecting  the  hinge  at  an  angle  qf 
about  6O0  to  650 ;  hinge  line  nearly  or  quite  straight,  and  generally  a 
little  less  than  the  greatest  breadth  of  the  valves  5  posterior  ear  of  both 
valves  flat  and  somewhat  alate,  but  not  defined  by  any  marginal  sinus, 
nor  separated  from  the  umbones  by  any  depression  or  sulcus ;  anterior 
ear  of  left  valve  small,  nearly  rectangular,  or  somewhat  rounded,  and 
defined  by  a  shallow,  subangular  sinus ;  same  in  the  right  valve,  nearly 
rectangular  at  the  extremity,  and  defined  by  a  rather  deep,  sharply- 
angular  sinus,  from  which  a  shallow  furrow  extends  obliquely  up  to  the 
beak.    Surface  of  both  valves  ornamented  with  rather  irregular,  ob- 
scurely-defined, depressed,  and  more  or  less  flexuous  radiating  costae, 
which  are  obsolete  on  the  anterior  ear  and  compressed  posterior  alation ; 
lines  of  growth  rather  well  defined,  particularly  on  the  ears  and  around 
the  free  borders. 

Height  (of  one  of  the  largest  specimens),  0.67  inch;  breadth  of 
same^  0.76  inch. 

This  species  is  in  some  respects  related  to  A.  rectilaterarius  of  Cox, 
and  A»  papyraceus  of  Sowerby,  but  differs  from  them  both  in  its  surface 
markings,  as  well  as  in  some  other  details.  In  general  form  it  resembles 
Aviculopecten  {Meleagrinn)  echinatus,  McCoy  (Carb.  Fos.  Ireland,  p.  79, 
PI.  XIII,  Fig.  18),  but  in  that  species  the  deep  byssal  sinus  was  in  the  left 
instead  of  the  right  valve,  and  its  surface  markings  were  different. 

All  the  specimens  of  this  species  I  have  seen  from  Nebraska  consist 
only  of  tiie  extremely  thin,  outer  apparently  prismatic  layer  of  the  shell, 
and  are  compressed  nearly  flat  in  the  shaly  matrix,  though  they  show 
the  form  and  surface  markings  perfectly.  They  retain  no  traces  of  the 
cardinal  plate,  but  that  was  probably  composed  of  the  laminated  por- 
tion of  the  shell  that  is  wanting  in  these  specimens.  I  have  seen  others, 
jfrom  the  Upper  Coal-Measures  of  Iowa,  apparently  retaining  both  the 
inner  and  the  outer  layers  of  the  shell,  and  hence  thicker  than  those 
from  Nebraska,  though  none  of  them  were  in  a  condition  to  show  the 
hinge.    I  have  some  doiibts  whether  it  is  a  true  Aviculopecten. 

The  speciflc  name  is  given  in  honor  of  Professor  C.  A.  White,  the  effi- 
cient State  geologist  of  Iowa. 

Locality  and  position. — ^Nebraska  City,  from  a  shaft  sunk  apparently  to 
near  the  horizon  of  the  outcrops  seen  at  the  landing  there ;  also  from  near 
the  same  or  a  higher  horizon  at  Brown ville,  on  the  Missouri;  and  from 
Middle  Nodawaj'^  Eiver,  Iowa,  in  Upper  Coal-Measures.  It  occurs  in 
both  the  Upper  and  the  Lower  Coal-Measures  of  Illinois ;  and  I  suspect 
that  it  is  the  same  shell  figured  by  Professor  Rogers  from  the  Coal- 
Measures  of  Pennsylvania  in  his  report  cited ;  though  it  may  be  only  an 
allied  sx>ecie8. 
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AVICULOPECTEN  COXANUS,  M.  &  W. 

PI.  IX,  Fig.  2  a,  6. 

Aviculopecten  CaxanuSy  Meek  &  Wortlien,  Proceed.  Acad.  Nat.  Sci.,  Philad.|  Oct, I860., p. 
453 ;  1866,  Illinois  Geol.  Report,  vol.  2,  p.  :I26,  PI.  26,  Fig.  6  a,  b. 

Shell  very  small ;  thin,  compressed,  slightly  oblique ;  broad  subovate^ 
exclusive  of  the  earsj  basal  margin,  rounded;  anterior  margin  more  or 
less  rounded,  rather  straight  and  oblique  above ;  posterior  margin  more 
prominent  than  the  anterior,  often  sub-angular  at  the  point  where  the 
postero-basal  margin  rounds  up  to  meet  the  obliquely-sloping  edge  above. 
Hinge  generally  a  little  less  than  the  greatest  breadth  of  the  valves  be- 
low.   Left  valve  with  anterior  ear  of  moderate  size,  flat,  triangular,  with 
the  extremity  generally  a  little  less  than  a  right  angle,  sometimes  very 
slightly  rounded,  separated  from  the  margin  below  by  an  abruptly 
rounded  or  sub-angular  sinus;  posterior  ear  slightly  larger  and  much 
more  acutely  angular  than  the  other,  but  shorter  than  the  most  promi- 
nent part  of  the  margin  below,  from  which  it  is  separated  by  a  moderately 
deep  rather  broadly  rounded  sinus ;  beak  small,  compressed,  scarcely 
projecting  beyond  the  cardinal  margin,  and  placed  a  little  in  advance  of 
the  middle  of  the  hinge ;  surface  ornamented  with  linear,  simple,  often 
more  or  less  flexuous  costae,  which  alternate  in  size,  the  smaller  ones 
dying  out  at  various  distances  between  the  free  margins  and  the  umbo 
— crossing  all  of  these  are  numerous,  extremely  fine,  regular,  closely 
arranged  concentric  striae,  which,  like  the  costae,  are  more  or  less  dis- 
tinctly defined  on  the  ears,  as  well  as  on  the  body  of  the  valve.    Kight 
valve  unknown. 

Height  of  left  valve,  0.37  inch ;  breadth  of  do.  0.39  inch ;  convexity 
about  0.05  inch. 

The  little  shell  I  have  here  referred  to  A.  Coxanus  agrees  well  in 
size,  general  form  and  ornamentation,  with  the  typical  specimens  of  that 
species,  excepting  that  it  is  a  little  more  oblique  than  any  examples  I 
have  seen  from  the  Illinois  locality.  Yet  I  am  not  prepared  to  re^ird 
this  as  a  specific  difierence,  since  the  specimens  vary  more  or  less  in 
this  character. 

These  little  shells  are  somewhat  relSLted  to  Aviculopecten  rectilaterarius 
of  Cox,  and  Aviculopecten  (Fecten)  papyraceuSj  Sowerby ;  but  differ  in 
being  much  smaller,  and  in  having  the  posterior  ear  much  more  acute, 
in  consequence  of  the  deeper  marginal  sinus  separating  it  from  the 
posterior  border  below. 

In  all  the  specimens  I  have  seen,  the  shell,  or  at  any  rate  the  only  re- 
maining portion  of  it,  is  extremely  thin,  and  shows  under  the  micro- 
scope the  distinct  appearances  of  prismatic  structure.  It  is  highly 
probable,  however,  that  this  is  only  the  outer  layer  of  the  shell,  and 
this  may  also  account  for  the  fact  that  the  hinge  shows  scarcely  any 
traces  of  the  usual  flattened  and  furrowed  cardinal  plate  or  area  of  the 
genus  Aviculopecten ;  the  cardinal  margins  being,  as  we  now  see  the  shell, 
apparently  linear. 

Locality  and  position. — ^Nebraska  City,  bed  C;  also  in  the  Coal- 
Measures  in  Adams  County,  Illinois.  It  is  worthy  of  note,  that  at  the 
latter  locality  it  is  in  the  Lower  Coal-Measures ;  while  at  Nebraska  City 
it  is  found  in  the  Upper.  It  also  occurs  in  the  Upper  Coal-Measures  of 
Illinois^ 
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Genus  AVICULOPINNA,  Meek. 

AvicuLOPiNNA  Americana,  Meek. 

PI.  IX,  Fig.  12  a,  fe,  c,  d. 

^tioila  pinncpformiSj  Geinitz^  1866,  Carb.  und  Dyas  in  Neb.,  p.  31,  tab.  II,  Fig.  13;  (not 

Aricula  pinncpformis,  Geinitz,  1857). 
-dneulopinna  Americanay  Meek,  1867,  Am.  Jour.  Sci.  and  Arts,  Vol.  XLIV,  p.  282. 

Shell  small,  compressed,  with  the  slender  elongated  form  of  some  of 
the  Carboniferous  species  of  Pinna  ;  cardinal  and  ventral  margins  gen- 
erally nearly  straight  (the  latter  being  the  more  convex  in  outline)  and 
coDverging  gradually  from  behind  to  the  rather  obtusely  pointed  ante- 
rior extremity ;  posterior  side  truncated,  rounding  into  the  base,  and  in- 
tersecting the  posterior  extremity  of  the  hinge  very  nearly  at  right 
angles — ^  little  sinuous  just  below  the  extremity  of  the  hinge.  Cardi- 
nal margin  so  slightly  convex  in  outline  as  to  appear  quite  straight, 
very  nearly  equaling  the  greatest  length  of  the  valves,  and  provided 
with  a  well-defined  marginal  ridge,  which  narrows  to  a  mere  line,  or 
dies  out  before  reaching  the  beaks,  and  widens  very  gradually  to  the 
posterior  extremity.  Beaks  nearly  or  quite  obsolete,  extremely  oblique, 
and  very  slightly  behind  the  very  narrow,  obtusely  pointed,  anterior 
extremity.  Surfacerwith  two  or  three  broad,  nearly  obsolete  radiating 
ridges  on  the  posterior  dorsal  region,  and  ornamented  by  numerous 
slender,  very  regularly  disposed,  and  abruptly  elevated  lines  or  lamellfle, 
much  narrower  than  the  spaces  between,  and  curving  gracefully  parallel 
to  the  posterior  border ;  while  on  the  basal  half  of  the  valves  they  are 
closely  approximate  and  curve  forward. 

Length  of  the  largest  specimen  seen,  1.35  inches ;  height  of  same,  0.43 
inch  ;  convexity,  about  0.08. 

Professor  Geinitz  identified  this  little  shell  with  Avicula  pinnaformisy 
Geinitz  (=  Pinna  prisca  of  Munster).  On  comparing  a  good  series  of 
of  specimens,  however,  with  his  figures  and  description  of  that  shell 
given  in  his  Dyas,  of  typical  German  examples,  I  was  at  once,  without  a 
shadow  of  doubt,  led  to  regard  the  Nebraska  shell  as  an  entirely 
distinct  species.  Later  comparisons  with  specimens  of  the  same  from 
German  localities  have  also  fully  confirmed  this  conclusion.  In  the 
first  place,  it  scarcely  ever  attains  one-fourth  the  size  of  the  foreign 
species,  from  which  it  differs  entirely  in  the  character  of  its  surface- 
marking,  in  having  its  lamellae  of  growth  very  regularly  and  abruptly' 
elevated  and  arranged  with  great  regularity,  while  they  never  form 
wrinkles  along  the  lower  side  j  nor  are  they  and  the  spaces  between 
crossed  by  any  traces  of  the  faint  radiating  lines,  sometimes  seen  on  the 
German  species.  It  is  also  a  proportionally  much  more  c^^mpressed 
shell.  Again  our  shell  has  its  beaks  always  nearer  the  anterior  extrem- 
ity than  A. pinmvformiSy  so  much  so,  indeed,  that  it  requires  close  look- 
ing, even  in  examining  good  specimens,  to  satisfy  one  that  they  are  not 
really  terminal.  In  fact,  it  was  not  until  after  examining  a  number  of 
specimens  that  I  ascertained  from  some  of  the  internal  casts  that  there 
is  an  almost  minute  lobe-like  portion  of  the  anterior  extremity,  project- 
ing slightly  beyond  the  beaks.  Other  important  differences  are  the 
presence  of  a  well-defined  ridge  along  the  dorsal  margin  of  the  Nebraska 
species,  and  its  slightly  sinuous  posterior  margin,  by  which  it  is  made 
to  intersect  the  cardinal  edge  at  a  right  angle ;  while  neither  Professor 
Geinitz's  figures,  nor  the  specimens  I  have  seen  of  the  European  form, 
show  any  traces  of  such  dorsal  marginal  ridge,  and  they  have  the  pos- 
terior margin,  and  marks  of  growth  curving  forward  above  so  a«>  lo  \\i- 
tersect  the  carcUnal  margiu  at  a  decidedly  obtuse  angle. 


198        UNITED  STATES  GEOLOGICAL  SURVEY  OP 

The  impropriety  of  referring  such  a  shell  to  the  genus  Avicula  must 
be  evident  to  every  conchologist.  At  first  I  wa«  inclined  to  place  it  in 
the  genus  Pinna,  but  on  finding  that  its  beaks,  although  very  near  the 
anterior  extremity,  are  yet  not  exactly  terminal,  I  became  satisfied  that 
it  could  not  be  properly  referred  to  that  genus,  and  referred  it  provision- 
ally to  the  genus  Aviculopinna,  though  later  comparisons  have  led  me 
to  suspect  that  it  may  possibly  be  found  to  belong  to  McCoy's  genus 
PteroniteSj  and  have  to  take  the  name  Pteronites  Americana,  It  has  the 
prismatic  shell  structure  of  the  allied  Pinna  and  Avicula  groups. 

Locality  and  position. — Division  C,  of  the  Nebraska  City  section.  Dr. 
White  has  also  found  it  associated  with  many  of  the  same  species  of 
other  fossils  near  the  middle  of  the  Upper  Coal-Measures  of  Western  and 
Central  Iowa.  I  have  not  yet  met  with  it  at  any  locality  further  east- 
ward, though  it  will  probably  be  found  in  Illinois. 

Genus  PINNA,  Linnaeus. 

Pinna  peeacuta,  Shumard. 

PI.  VI,  Fig.  11,  a,  b. 

Pinna  peracutay  Shnmard,  1858^  Trans.  8t.  Louis  Acad.  Sci.  1,  p.  19. 
Adamsiy  McChesney,  1860,  New  PalsBOzoic  Fossils,  p.  74. 

Shell  thin,  very  narrow,  elongated,  and  tapering  gradually  and  regu- 
larly from  the  larger  to  the  smaller  extremity  j  convex  or  almost  sub- 
cylindrical,  excepting  toward  the  posterior  extremity,  which  is  com- 
pressed and  obliquely  rounded,  or  subtruncated.  Hinge  margin  very 
long,  and  almost  perfectly  straight — carinated  in  consequence  of  the 
sudden  erection  of  the  dorsal  edges  of  the  valves  5  ventral  margin 
equally  as  straight  as  the  dorsal,  and  ranging  at  an  angle  of  about  12^ 
with  the  latter.  Surface  nearly  smooth,  or  only  showing  very  obscure 
lines  of  growth. 

I  have  never  seen  a  complete  specimen  of  this  species,  and  hence 
cannot  give  accurate  measurements.  .  Some  specimens,  however,  indi- 
cate a  length  of  nearly  12  inches. 

I  know  of  no  other  American  species  with  which  this  is  liable  to  be 
confounded.  Its  smooth  surface  will  at  once  distinguish  it  from  the 
other  described,  narrow,  elongated  Carboniferous  species  of  this  countr>% 
I  am  much  inclined  to  think  an  imperfect  shell  figured  by  Professor  de 
Koninck  (Anim.  Foss.  PI.  5,  Fig.  3),  under  the  name  Solensiliquoides^h 
a  true  Pinna,  and  related  to  this,  though  specifically  distinct.  Our  shell, 
however,  seems  to  be  most  nearly  allied  to  P.  spatula^  McCoy,  as  figured 
in  his  Palieozoic  Fossils,  Pi.  3  E,  Fig.  9-10,  and  may  possibly  be  the 
same,  though  it  seems  to  be  straighter  on  the  margins  than  McCoy's 
species. 

Locality  and  position. — The  specimen  figured  is  from  Bennett's  Mill, 
three  miles  northwest  of  Nebraska  City  ;  it  also  occurs  at  Wyoming,  ou 
the  Missouri,  and  at  Nebraska  City,  in  beds  B,  referred  by  Professor 
Geiuitz  and  Professor  Marcou  to  the  lower  part  of  the  Upper  Dyas. 
It  likewise  occurs  at  a  lower  position  at  Plattsnjouth,  Rock  Bluff,  Belle- 
vue,  and,  in  short,  at  numerous  localities  through  the  Coal-Measures  of 
Iowa,  Nebraska,  Kansas,  Missouri,  Illinois,  &c.,  &c. 
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Genus  AVICULA  (Klein),  Brug. 

AvicULA  LONGA,  Geinitz,  sp. 
PI.  IX,  Fig.  8. 

GariUia  longa,  Geiiiitz,  1866,  Carb.  und  Dyas  in  Neb.,  p.  32,  Tab.  II,  Fig.  15. 

Shell  nearly  or  quite  equivalvej  body  part  obliquely  elongated  and 
more  or  less  arcuate;  posterior  end  narrow  and  abruptly  rounded; 
base  nearly  straight  and  parallel  to  the  cardinal  margin  behind,  but 
ascending  obliquely  forward  from  near  the  middle  of  the  valves;  an- 
terior side  oblique,  and  broadly  and  faintly  sinuous  under  the  ear. 
Hinge  line  about  three-fonrths  the  length  of  the  valves,  and  provided 
with  a  marginal  ridge,  produced  behind  into  a  very  narrow,  elongated 
ear,  considerably  shorter  than  the  oblique  body  portion  of  the  valves, 
from  which  it  is  separated  by  a  deep  sinus  which  narrows  to  an  abruptly 
rounded  or  subangular  extremity  close  under  the  ear;  anterior  ear 
shorter  and  much  broader  than  the  other,  in  the  left  valve  convex,  with 
its  extremity  pointed,  and  faintly  sinuous  just  below  the  pohit — sepa- 
rated from  the  swell  of  the  umbo  by  an  oblique  sulcus  extending  from 
the  anterior  side  of  the  same  to  the  back  part  of  the  broad,  shallow 
marginal  sinus  defining  the  ear.  Beaks  of  both  valves  convex,  very 
oblique,  placed  one-fourth  to  one-fifth  the  length  of  the  hinge  back  of 
the  anterior  extremity ;  in  the  right  valve,  rising  little  above  the  hinge, 
but  in  the  left  somewhat  more  prominent,  according  to  Professor  Geinitz's 
figures. 

Length  of  medium-sized  specimen,  measuring  obliquely  from  the  ex- 
tremity of  the  anterior  ear  to  the  posterior  end  of  the  body  part  of  the 
valves,  0.61  inch;  height,  measuring  at  right  angles  to  the  hinge,  0.33 
inch ;  length  of  hinge,  about  0.23  inch. 

Having  seen  the  hinge-plate  of  Illinois  specimens  of  this  little  shell, 
I  am  positively  sure  that  it  has  not  the  peculiar  cartilage  pits  of  the  genus 
BaJcetellia  or  Gervillia^  though  some  of  the  casts  I  have  seen  show  that 
it  has  the  hinge  teeth  of  Avicula^  to  which  genus  I  cannot  hesitate  to 
refer  it. 

I  have  not  seen  a  left  valve — all  those  before  me  from  Nebraska  City 
being  right  valves.  In  all  of  these  there  is,  as  represented  in  the  figure 
given,  a  little  short  sulcus  or  indentation,  extending  nearly  at  right 
angles  to  the  hinge,  just  in  front  of  the  beak.  In  Professor  Geinitz's 
figure  of  a  left  valve,  there  would  seem  to  be  several  of  these  little 
indentations.  They  are  not  cartilage  pits,  however,  but  are  formed  by 
pressure  upon  anterior  teeth  within,  so  as  to  show  on  the  outside  of  the 
valves,  and  are  not  impressions  in  a  cardinal  area.  I  am  not  acquainted 
with  any  species  with  which  this  is  liable  to  be  confounded. 

Locality  and  position, — The  specimen  figured  is  from  division  C  of  the 
Nebraska  City  section.  While  passing  through  Iowa  with  Dr.  White, 
we  found  good  specimens  of  it  near  St.  Charles,  Madison  County,  in  the 
upper  beds  of  the  Middle  Coal-Measures,  directly  associated  with  Avicido- 
pecten  carhoniferna  {=Pecten  Haicni  Geinitz),  and  various  Lower  Coal- 
Measure  types.  I  also  found  it,  at  a  considerable  lower  position  than  the 
Nebraska  City  beds,  in  the  Coal-Measures  at  Riverside,  three  miles  below 
Atchison,  Kansas.  It  likewise  occurs  in  the  Upper,  Middle,  and  Lower 
Coal-Measures  of  Illinois. 
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AvicuLA  !  SULCATA,  Geinitz. 
PI.  IX,  Fig.  9. 

GervilHa  (Avicula)  aulcataf  Geinitz,  1866,  Corb.  und  Dyas  in  Neb.,  p.  33, Tab.  U,  Fig.  16. 

I  have  seen  no  good  specimens  of  this  species,  and  consequently  re- 
produce the  figure  given  by  Professor  Geinitz.  From  his  figure  (of  a 
left  valve)  it  seems  to  be  a  subrhoinbic  oblique  shell,  with  a  short,  com- 
j>ressed,  triangular  anterior  ear,  defined  by  a  faint,  wide  marginal  sinus; 
and  a  larger  compressed,  somewhat  alate,  posterior  ear,  with  a  marginal 
ridge,  showing  a  tendency  to  be  produced  into  a  narrow  appendage  be- 
hind, separated  from  the  margin  below  by  a  rather  deep  rounded  sinus. 
The  posterior  basal  extremity  is  rather  narrowly  rounded,  but  not  much 
produced ;  while  the  outline  of  the  base  is  broadly  semielliptical,  and  the 
umbo  convex,  and  rising  somewhat  above  the  hinge  line,  which  is  appar- 
ently shorter  than  the  greatest  length  of  the  valve.  Surface ornamentecl 
behind  by  fine  lines  of  growth,  and  before  by  two  or  three  sulci,  extending 
from  the  anterior  side  of  the  beak  to  the  antero-basal  margin,  leaving 
ridges  between,  which  are  more  or  less  crenated  by  the  crossing  of  th( 
marks  of  growth ;  just  behind  the  posterior  one  of  these  sulci,  the  margii 
of  the  latterisornamented  with  regular,  rather  strongly  defined  wrinkles 
or  little  folds,  some  of  which  are  prolonged  backward  parallel  to  th< 
lines  of  growth. 

This  must  be  a  very  handsome  species,  and  is  more  probably  an  Avi 
cula  than  a  BaJcevellia  ;  but,  as  its  hinge  and  cardinal  area  are  unknown 
we  have  not  the  means  of  settling  this  question.  I  know  of  no  simila 
species  with  which  it  might  be  confounded.* 

Locality  and  position. — Bed  0  of  the  ^Nebraska  City  section. 

Genus  PSEUDOMONOTI8,  Beyrich. 

PSEUDOMONOTIS,  Sp. 

PI.  n,  Fig.  11. 

This  fragment  agrees  so  exactly  in  its  surface-marking  (consisting  o 
a  larger  series  of  flexuous  cost®,  with  vaulted,  scale-like  projections 
and  smaller,  irregular,  intermediate  ribs)  with  shells  of  the  genus  Pseu 
domonotis,  that  I  can  scarcely  entertain  a  doubt  in  regard  to  its  belong 
ing  to  that  group.  It  is  not  suflBcient,  however,  for  specific  identifica 
tion,  though  it  would  not  be  difficult  for  those  whose  method  of  making 
paleontology  easy  leads  them  to  include,  under  the  siugle  species  spel 
uncaria,  all  the  known  forms  of  this  group,  to  see  that  species  in  it.  S< 
far  as  can  be  seen,  however,  it  agrees  well  with  some  real  or  supposec 
varieties  of  the  spe(jies  speluncaria^  and  it  may  really  belong  to  that  spe 
cies :  and  yet,  a  perfect  specimen  might  show  it  to  be  quite  different. 

It  may  be  proper  to  explain  here  that  the  genus  Pseudomonotis  wa»* 
proposed  by  Beyrich  in  1862  for  the  group  typified  by  the  species  Aviculc 
speluncariaj  Munster.  This  shell  had  been  for  some  time  previous  re 
ferred  to  Bronn's  genus  Monotis,  from  the  type  of  which  (M,  salinarid 
it  differs  very  materially  in  its  inequivalve  character,  and  especially  in 
having  a  deep,  sharply  defined  byssal  notch  in  the  anterior  margin  ol 
the  right  valve.    On  comparing  one  of  these  shells  with  specimens  oi 

*  Note. — Professor  Gkjiuitz  has  figured  another  form  from  Kansas  on  the  same  plat4 
with  the  foregoing  under  the  name  Gervillia parva^  M.  &  H.,  which  I  at  one  time  be 
lieved  to  be  a  variety  of  our  BakeveUia  parva  ;  but  from  such  comparisons  as  I  have  beei 
able  to  make  of  casts  (in  which  condition  only  it  is  known  to  me)  during  the  last  thre< 
or  four  years,  I  have  been  led  to  the  suapiciou  that  it.  uia^  b<b  a  diatinct  species. 
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Bronn's  type  in  1864, 1  was  satisfied  that  they  were  not  congeneric,  and 
proposed  the  name  Qryphorhynehus  for  the  spelu^icaria  group,  not  being 
at  that  time  aware  that  Beyiich  had  previoasly  proposed  to  separate  it, 
npoD  exactly  the  same  grounds,  under  the  name  PseudamonotiH.    As  the 
latter  name  has  priority  of  date,  of  course  it  will  have  to  take  precedence. 
Locality  and  po^itian, — ^The  fragment  figured  was  found  loose  at  the 
base  of  Cedar  Bluff,  on  Weeping  Water,  twelve  miles  northwest  of  Ne- 
braska City,  composed  of  the  same  beds  referred  by  Professor  Marcou 
to  the  Lower  Dyas,  and  by  Professor  Geinitz  to  the  Coal-Measures,  at 
Bock  Bluff  on  the  Missouri.    As  elsewhere  explained,  species  of  this 
genas  occur  in  Kansas,  Iowa,  and  I  llinois,  far  down  in  the  Coal-Measures, 
beJow  the  horizon  of  the  Nebraska  City  beds.* 

PSEUDOMONOTIS  RADIALIS,  Phillips  t  f ,  Sp. 

PL  IX,  Fig.  3. 

tPfeten  radiaHs,  Phillips,  1834.  Encyc.  Meth.,  Vol.  IV,  PI.  Ill,  Fiff.  5. 

t  Momotis  radialisj  King,  1848,  Catalogue,  p.  9;  1850,  Monogr.  Perm.  Fobs.,  England,  p.  157, 

PI.  XIII,  Figs.  22,  23. 
1  Aticula  apeluncariay  Guinitz,  186G,  Carb.  und  Dyas  in  Neb.,  p.  78;  (not  Miluster). 

Left  valve  small,  oblong,  higher  than  wide,  moderately  convex ;  basal 
margin  regularly  convex;  posterior  margin  nearly  straight  along  the 
middle,  but  rounding  into  the  base  below,  and  a  little  inclined  forward 
above,  so  as  to  intersect  the  hinge  at  an  obtuse  angle,  and  form  a  slight, 
undefined,  compressed  posterior  alation^  anterior  side  rounding  into 
the  base  below,  and  rather  distinctly  sinuous  above,  just  beneath  a 
short,  round,  lobe-like  anterior  ear ;  umbo  not  oblique,  moderately  con- 
vex, and  rising  very  little  above  the  cardinal  margin,  which  is  rather 
shorter  than  the  breadth  of  the  valve.  Surface  ornamented  with  fine, 
unequal,  flexuous,  radiating  ribs,  or  striae,  more  or  less  roughened,  ap- 
parently by  the  crossing  of  little  concentric  markings,  and  a  few  larger 
wrinkles  of  growth ;  some  of  the  costae  apparently  terminating  in  little 
short  spine-like  projections  at  the  base.    (Right  valve  unknown.) 

Height,  0.5G  inch;  antero-posterior  diameter,  0.47  inch;  convexity 
(left  valve),  about  0.13  inch. 

I  merely  refer  this  form  provisionally  to  P.  radialk^  more  from  a  re- 
luctance to  attempt  to  name  and  describe  a  new  species  from  a  single 
valve  in  a  genus  like  this,  than  from  any  strong  impression  that  it  is 
really  idential  with  that  form.  It  has  much  the  general  appearance  of 
Professor  King's  Fig.  22,  cited  above,  though  its  costae  are  much  finer 
and  more  crowded,  and  its  anterior  margin  differs  in  being  sinuous  below 
the  ear.  These  diifterences  may  or  mjiy  not  be  specific,  or  the  shell  may 
even  belong  to  another  genus,  as  it  is  impossible  to  determine  these  ques- 
tions without  specimens,  showing  both  valves,  for  a  comparison. 

Locality  and  position. — Division  C  of  the  Nebraska  City  section.  It 
must  be  very  rare,  as  only  a  single  specimen  was  found. 

Genus  MYALINA,  de  Kouinck. 

Myalina  [?]  SwALLOVi,  McChesuey. 
PI.  IX,  Fig.  7  a,  h. 

Mjfdlina  Swallovi^  McChesney,  1860,  Descriptions  New  Palreozoic  Fossils,  p.  57;  and 
1865,  PI.  II,  FifT,  6,  iUustrations  of  same ;  Meek  &  Worthen,  lUinois  Palseont. 
Report,  p.  341,  PI.  27,  Fig.  1. 

lAucella  iJatMmannt,  Geinitz,  lS)6,  Carb.  und  Dyas,  in  Neb.,  p.  25,  Tab.  II,  Fig.  8;  (not 
Goldfuss,  1834,  sp). 

Shell  rather  small,  nearly  or  quite  equivalve,  modioliform  or  mytiloid, 
convex,  or  even  subangular,  alon^  the  umbonal  slopes  from  t\ie\i^aS5A\i^ 

'Imperfect  casta  of  perhaps  the  samo  species  occur  at  BeimQtVBM\!^. 
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the  anterior  basal  margin ;  posterior  and  postero-dorsal  regions,  coneate; 
cardinal  margin  nearly  straight,  and  about  half  the  length  of  the  shell, 
— passing  almost  imperceptibly,  or  without  any  angularity,  into  the  pos- 
terior margin,  which  rounds  down  with  a  semicircular  curve,  to  the  nar- 
rowly rounded  basal  extremity;  antero-basal  margin  ascending  obhquely 
forward,  more  or  less  sinuous  near  the  middle,  or  sometimes  a  little 
above,  usually  swelling  out  into  a  kind  of  lobe  or  protuberance  above  the 
middle  in  front  of  the  umbonal  slopes,  as  in  Modiola,  This  prominence 
sometimes  extends  a  little  beyond  the  beaks,  and  varies  more  or  less  in 
breadth.  Beaks  small,  very  oblique,  not  projecting  beyond  the  cardinal 
margin,  and  located  so  near  the  anterior  extremity  as  often  to  appear 
very  nearly  terminal.  Surface  rather  smooth,  but  showing  line  con- 
centric lines,  which  in  well-preserved  specimens  are  sometimes  crossed 
by  very  fine,  obscure  traces  of  radiating  striae,  that  curve  upward  on 
the  posterior  dorsal  region. 

The  specimens  figured  are  of  nearly  natural  size,  but  smaller  than  the 
average  size  of  the  species. 

This  species  varies  somewhat  in  the  size  of  the  protuberance  under 
the  beaks ;  in  some  individuals  it  is  well  developed,  and  gives  the  shell 
much  the  form  of  Modiola;  while  in  others  it  is  smaller,  so  as  to  present 
more  the  appearance  of  a  Mytilus.  The  beaks,  however,  are  rarely 
quite  terminal.  The  radiating  striae  mentioned  in  the  description  are 
very  obscure,  and  may  be  easily  overlooked,  as  they  appear  to  be  rather 
due  to  the  texture  of  the  shell  than  to  true  suriace  striae,  and  in  some 
coses  they  seem  to  be  entirely  obsolete.  The  cardinal  plate,  as  seen  in 
authentic  specimens  from  Illinois,  is  quite  narrow,  and  shows  only 
obscure  traces  of  one  or  two  cartilage  furrows.  As  I  have  also  been 
unable  to  see  any  traces  of  a  prismatic  structure  in  the  shell,  there  may 
be  some  reason  for  doubting  whether  it  is  a  true  Myalina. 

The  specimen  figured  by  Professor  Geinitz  under  the  name  Aucella 
Hausmannu  may  possibly  be  a  distinct  species  from  this,  but  I  have 
little  doubt  in  regard  to  its  being  really  an  internal  cast  of  this  shelL 
That  it  is  not  an  Aucella^  however,  I  have  no  doubt  whatever,  that 
being  a  Jurassic  genus,  unknown  in  the  Coal-Measures  or  Permian 
rocks,  and  presenting  radical  differences.  Of  a  large  collection  now 
before  me,  from  the  same  locality  and  position,  the  shell  I  have  figured 
is  the  only  one  resembling  that  figured  by  Professor  Geinitz.  It  never 
has  any  traces  of  the  little  anterior  ear,  and  byssal  emargination  of 
Aucella. 

Locality  and  position. — Bed  0  of  the  Nebraska  City  section.  It  is 
also  widely  distributed  in  the  Upper  and  Lower  Coal-Measures  of 
Illinois,  Kentucky,  Iowa,  Nebraska,  Kansas,  and  Missouri. 

Myalina  subquadeata,  Shumard. 
PI.  IV,  Fig.  12;  and  PI.  IX,  Fig.  6. 

Myalina  suhquadratay  Shiimard,  1855,  Geol.  Report  Missouri  Survey,  p.  207,  PL  C,  Fig.  17 ; 

Geinitz,  1866,  Garb,  und  Dyaa  in  Neb.,  p.  27,  Tab.  Ill,  Fig.  25  and  26. 
Compare  M.  dcUoideaj  Gabb,  Proceed.  Acad.  N.  S.  Philad.,  Nov.  1859. 

Shell  large  and  thick,  oblong  or  subquadrate,  the  height  being  greater 
than  the  anteroposterior  diameter;  right  valve  nearly  flat;  left  convex, 
both  somewhat  compressed  and  alate  above  and  behind  the  umbonal 
prominence.  Hinge  line  nearly  straight,  about  equaling  the  greatest 
breadth  of  the  valves,  and  ranging  at  right  angles  to  the  vertical  axis; 
basal  margin  regularly  rounded;  posterior  margin  nearly  vertical,  round- 
ing into  the  base  below,  a  little  sinuous  above  the  middle,  and  inter* 
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secting  the  hinge  above  at  very  nearly  right  angles ;  anterior  margin 
thickened  within,  rounding  into  base,  thence  rising  neariy  verticcilly, 
with  a  broadly  rounded  concavity  mainly  above  the  middle.  Beaks 
terminal  and  directed  forward.  Cardinal  plate  or  area  usually  rather 
broad,  with  cartilage  furrows  distinctly  defined.  Surface  of  left  valve 
marked  with  fine  concentric  striae,  and  stronger  imbricating  laraellge  of 
growth.    These  markings  are  much  less  distinct  on  right  valves. 

A  fully  developed  specimen  of  this  species,  from  the  original  locality 
on  the  Missouri  near  the  mouth  of  Nemaha  River  (from  which  locality' 
Dr.  Shumard's  typical  specimens  were  obtained),  measures  about  three 
inches  in  height  from  the  base  to  the  hinge  margin,  and  1.9J  inches  in 
breadth. 

This  is  one  of  the  largest  species  of  the  genus  known.  We  did  not 
succeed  in  finding  examples  of  it  in  division  C  at  ^Nebraska  City,  except- 
ing in  the  condition  of  mere  fragments,  and  hence  I  have  copied  professor 
Geinitz's  figure  of  a  specimen  from  that  horizon  on  PI.  IX.  Fig.  11,  PI. 
IV,  however,  represents  an  impression,  with  portions  of  the  thin  outer 
fibrous  layer,  of  a  fully  mature  specimen,  as  seen  in  the  matrix,  taken 
from  Mr.  Morton's  shaft,  one  and  three-quarter  miles  west  of  the 
Nebraska  City  landing.  It  is  widely  distributed  in  the  Upper  Coal- 
Measures  of  Iowa,  ^Nebraska,  Kansas,  Illinois,  &c. 

The  large  species  figured  by  Dr.  Hayden  and  the  writer  on  p.  33,  of 
the  PaljEontology  of  the  Upper  Missouri  as  M.  svbqaadrata^  is,  as  we 
then  suspected,  a  distinct  species,  differing  in  having  the  posterior 
margin  rounding  forward  into  the  hinge  above,  and  not  sinuous  or 
meeting  the  hinge  at  right  angles,  as  in  if.  suhquadrata.  It  will  have 
to  take  the  name  Jf.  ampla^  suggested  by  us  for  it  in  case  it  should  be 
found  distinct.  It  and  M.  deltoidea  of  Gabb,  are  the  only  forms  resem- 
bling M.  8ubquadrata'with  which  I  am  acquainted ;  and  the  latter  may  be 
only  a  variety  of  Shumard's  species. 

The  outer  layer  of  M.  suhquadrata  is  so  coarsely  prismatic  that  its 
structure  can  be  readily  seen,  when  well  preserved,  by  the  aid  of  a 
common  pocket  lens. 

Locality  and  position, — ^The  specimen  figured  by  Professor  Geinitz, 
is  from  division  C  of  the  !N'ebraska  City  section.  We  also  have  it  from 
division  B  of  that  place,  and  Bennett's  Mill;  and  from  Bellevue,  in 
lower  positions  of  the  Coal-Measures;  likewise  from  apparently  a  higher 
I>osition  a  short  distance  west  of  Nebraska  City. 

Genus  NUCULA,  Lamarck. 

NucuLA  Beyrichi,  V.  Schauroth  ! 

PI.  X,  Fig.  18. 

f  Attarte  GeinitzianUj  LieLe,  1853,  Leonhard  a.  Bronn,  Jahrb.,  p.  773 ;  (without  descrip- 
tion). 

f  Nwmla  Beyrichi,  v.  Schanroth,  1854,  Zeltschr.  d.  Deutsch.  geol.  Gess.,  VI,  p.  551,  Tab.  21, 
Fig.  4 ;  Geinitz,  1861,  Dyas,  p.  67,  Tab.  XIII,  Fig.  22-24;  also  1866,  in  Garb,  und 
Dyaa  in  Neb.,  p.  21,  Tab.  1,  Y\^,  36-37. 

Comp.  Xucula  parva,  McCh^ney,  18b0,  Descr.  New  Palieozoic  Foss.,  p.  54  j  and  iUastra- 
tions  same,  1865,  PI.  2,  Fig.  8  a,  &,  c. 

Shell  very  small,  longitudiually  subovate,  moderately  convex,  widest 
posteriorly;*  anterior  end  somewhat  narrowly  rounded  ;  base  forming 
a  semiovate  curve,  the  most  prominent  part  being  near  the  shorter  end; 
posterior  side  very  short,  comparatively  wide,  and  subtruncated;  beaks 
near  the  posterior  extremity;    hinge-line   nearly  rectangular  at  tJx^ 

*In  true  ^ucula,  the  loDger  side  is  the  anterior. 
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beaks;  denticles  comparatively  large,  aboat  seven  on  the  longer  side, 
and  five  or  six  on  the  shorter^  surface  marked  with  moderately  distinct 
regular  concentric  striae. 

Length,  O.IG  inch;  height,  0.10  inch. 

It  is  with  very  great  doubt  that  I  have  referred  this  little  shell  to 
N.  Beyrichij  as  I  only  know  it  from  a  single  specimen,  consisting  mainly 
of  an  internal  cast.  There  is  also  room  for  some  doubt  whether  it  is 
the  same  form  referred  by  Professor  Geinitz  to  y.  Beyrichi^  from  the 
same  locality  and  position.  Unless  Professor  Geinitz's  specimens  were 
distorted  or  incorrectly  drawn,  1  should  think  his  a  diflerent  species, 
both  from  that  described  above  and  from  the  true  N.  Beyrichi,  The 
form  described  above  agrees  in  size,  and  tolerably  nearly  in  outline  with 
German  examples  of  von  Schauroth's  species  now  before  me,  or  at 
least  with  specimens  sent  to  the  Smithsonian  Museum  with  that  name 
attached.  It  differs  from  von  Schauroth's  description  in  having  only 
some  seven,  or  possibly  eight,  hinge-teeth  behind  the  beak,  and  five  or 
six  in  front,  instiead  of  twelve  of  the  former  and  seven  of  the  latter. 

In  order  that  others  may  have  some  means  of  forming  their  own 
conclusions  in  regard  to  the  relations  of  these  shells,  1  have  given  an 
enlarged  figure  of  the  form  described  above,  and  copies  of  two  of  Pro. 
fessor  Geinitz's  figures  (see  our  PL  X,  Fig.  19  a,  h)  of  the  Nebraska  shell, 
referred  by  him  to  N.  BeyricliL  On  the  same  plate  (Fig.  25  a,  6,  c),  I  have 
also  given  coi)ies  of  von  Schauroth's  original  figures  of  his  species,  and 
of  Professor  Geinitz's  figures  of  German  examples  of  the  same  (Fig.  24 
a,  h) ;  likewise,  figures,  natural  size  and  enlarged,  drawn  directly  from  a 
foreign  specimen  sent  to  the  Smithsonian  Institution,  labeled  N.  Beyrichi. 
(See  Fig.  23  a,  h.) 

Locality  and  position. — ^Division  C  of  the  Nebraska  City  section.  An 
undistinguishable  form  also  occurs  in  the  Coal-Measures  of  Illinois; 
while  another  form  described  from  Illinois  by  Professor  McChesney, 
under  the  name  N.  parva^  is  also  closely  related,  though  apparently 
distinct. 

NUCULA  VENTEICOSA,  Hall. 

PI.  X,  Fig.  17  a,  6,  c. 

Xucula  vcntricosa^  HaU,  1858,  Iowa  Report,  I,  Part  II,  Pi.  716,  P.  29,  Fig.  5  a,  b. 
Compare  N,  tumidaj  PhiUips,  1835,  Gool.  Yorksh.,  p.  20,  PI.  V,  Fig.  15. 

Shell  small,  thick,  subovate,  very  convex;  the  greatest  convexity 
slightly  in  advance  of  the  middle  of  the  valves ;  posterior  (shorter)  end 
obliquely  truncated  from  the  beaks  to  its  narrowly  rounded  or  subangn- 
lar  connection  with  the  base,  rather  deeply  excavated  just  behind  the 
beaks ;  anterior  (longer)  end  rather  narrowly  rounded,  its  most  promi- 
nent part  being  near  or  slightly  above  the  middle ;  dorsal  outline  de- 
clining gently,  with  moderate  convexity  from  the  beak  to  the  anterior 
extremity;  basal  margin  forming  a  nearly  semiovate  curve,  being  a 
little  more  prominent  before  than  behind  the  middle ;  beaks  convex, 
rather  prominent,  and  placed  about  half-way  between  the  middle  and 
the  most  projecting  part  of  the  postero- ventral  extremity.  Surface  with 
(at  least  near  the  base)  fine,  regular,  concentric  striae. 

Length,  0.42  inch ;  height,  0.28  inch. 

The  only  specimen  of  this  little  shell  in  the  collection  is  incrnsted  by 
calcareous  matter,  so  as  to  obscure  the  surface  striae,  excepting  near  the 
lower  margin  ;  hence  the  striae,  on  other  parts  of  the  figures  given,  are 
restored.  It  is  therefore  barely  possible  that  the  more  convex  portions 
ai'  the  valves  may  be  smooth,  or  nearly  so. 
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It  is  possible  that  the  last-described  form  may  be  only  the  internal 
east  of  this.  If  so,  I  coald  have  no  doubts  in  regard  to  the  species 
being  entirely  distinct  from  N,  Beyrichi,  since  its  form  is  altogether  dif- 
ferent. 

Although  this  shell  differs  slightly  in  outline  from  the  particular  spe- 
cimen of  N.  ventricosa,  figured  in  the  Iowa  Eeport,  a  comparison  with  a 
series  of  specimens  of  that  species  (which  varies  more  or  less  in  outline) 
leaves  little  room  to  doubt  the  identity  of  our  shell  with  N.ventricosa,  It 
is  also  proper  to  remark  here  that  after  comparing  good  specimens 
of  N.  rentricosa  from  the  Coal-Measures  of  Illinois  with  examples  ot*  a 
shell  sent  to  Mr.  Worthen  by  Mr.  Thomas  Davidson,  of  Brighton,  from 
Carluke,  Scotland,  with  the  name  N.  tumida^  Phillips,  attached,  no 
satisfactory  difi^erences  were  observed. 

Locality  and  position. — Division  C  of  the  Nebraska  City  section:  also, 
at  Rock-Bluff,  in  bed  G,  of  the  section  jat  that  place.  This  species  is  com- 
mon all  through  the  Coal-Measures  of  Illinois;  and  I  have  identified  it 
among  Lower  Coal-Measure  species  from  West  Virginia,  collected  by 
Professor  J.  J.  Stevenson,  of  Morgantown,  in  that  State. 

Genus  YOLDIA,  MoUer. 

YOLDIA  SUBSCITULA,  M.  &  H.  I 

PI.  X,  Fig.  10. 

Leda  mhscitula.  Meek  &  Hayden,  1858,  Trans.  Albany  Inst.,  Vol.  IV.* 

Yoldia  t  sub*tcitula,  M.  &  H.,  1864,  Pal£eont.  Upp.  Mo.,  Part  1,  p.  60,  PI.  IT,  Fig.  4,  a.  h. 

Sueula  {Leila)  subacitulat  Geinitz,  1866,  Carb.  und  Dyas  in  Neb.,  p.  22,  Tab.  1,  Fig.  35. 

Shell  longitudinally  subovate  or  subelliptic,  compressed,  the  greatest 
convexity  a  little  in  advance  of  the  middle,  about  twice  as  long  as  high ; 
anterior  extremity  wider  than  the  other,  out  rather  narrowly  rounded, 
the  most  prominent  point  being  usually  slightly  above  the  middle ;  out- 
line of  base  forming  a  broad  semiovate  curve,  being  more  prominent  an- 
teriorly than  behind ;  posterior  side  narrowed,  it«  margin  rounding  up 
^^*adually  from  the  base,  so  as  to  meet  the  dorsal  margin  nearly  at  right 
angles,  sometimes  faintly  truncate  at  the  immediate  extremity ;  pos- 
terior dorsal  margin  compressed  or  cuneate,  and  declining  gradually, 
with  a  nearly  straight,  or  slightly  concave  outline ;  anterior  dorsal  mar- 
gin not  cuneate,  sloping  forward  gradually,  and  a  litle  convex  in  outline ; 
beaks  rather  depressed  and  subcentral,  or  very  little  in  advance  of  the 
middle ;  umbonal  slopes  without  any  defined  ridge  or  angle.  Surface 
smooth^  or  only  showing  traces  of  very  minute  concentric  striae. 

Length,  0.77  inch;  height,  0.37  inch;  convexity,  about  0.14  inch. 

It  is  with  considerable  doubt  that  I  have  concluded  to  refer  this  shell 
to  Y.  suhscitula^  M.  &  H.,  because  the  specimens  from  Nebraska  City  are 
distinctly  more  compressed  than  the  type  upon  which  that  species'  was 
founded,  their  convexity  being  uniformly  not  more  than  half  as  great 
proportionally.  The  five  or  six  individuals  in  the  collection  are  constant 
in  this  character,  and  yet  show  no  evidences  whatever  of  accidental 
compression.  Otherwise  the  two  forms  are  very  similar  in  their  general 
outline,  but  we  know  nothing  of  the  internal  and  hinge  characters  of  the 
form  under  consideration.  I  sti'ongly  suspect,  however,  that  it  will  be 
found  to  be  a  distinct  species,  in  which  case  I  would  propose  to  call  it 
Toldia  propinqtuij  from  its  near  resemblance  to  T,  aubsaitula.    Of  course 

*  This  paper  was  issaed  in  the  form  of  extras  on  4th  March,  1858,  some  time  m  ^^N^\i<(^ 
of  the  volume. 
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it  is  only  placed  provisionally  in  the  genus  Toldiaj  its  internal  characters 
being  unknown.  It  agrees  exactly,  however,  in  all  external  charactors 
with  that  genus,  and  has  a  crenat^d  hinge. 

Professor  Geinitz's  figure  of  this  shell  is  slightly  defective  (that  is, 
supposing  it  to  represent  the  same  species,  of  which  there  is  scarcely 
any  reason  to  doubt,  as  it  agrees  in  other  respect^^  and  was  taken  from 
a  specimen  from  exactly  the  same  locality  and  position)  in  h*iving  the  pos- 
terior margin  rounding  into  the  hinge  instead  of  meeting  it  at  a  more  or 
less  obtuse  angle;  this  may  have  resulted  from  a  slight  imperfectiou of 
his  specimen. 

I  have  described,  from  the  Lower  Coal-Measures  of  West  Virginia,  in 
the  Third  Annual  Report  of  the  Regents  of  the  Universit}^  of  that 
State  for  1870,  under  the  name  Y.  Steveiisoni^  another  very  closely  allied 
species,  only  distinguished  by  having  rather  distinct,  regularly  disposed 
lines  and  furrows  of  growth. 

Locality  and  position. — Division  C  of  the  Nebraska  City  section,  Ne- 
braska City. 

Genus  NUCULANA,  Link. 

NUCULANA  BELLISTRIATA,  var.  ATTENUATA. 

PI.  X,  Fig.  11  a,  b. 

Leda  Mliatriata,  Stevens,  1858,  Am.  Jonr.  Sci.  and  Arts,  Vol.  XXV,  p.  261 ;  Hall,  1858, 

Iowa  Report,  Vol.  1,  Part  II,  p.  717,  PI.  XXIX,  Fig.  6. 
Nucula  KazanetmSj  Geinitz,  18G6,  Carb.  unci  Dyas  in  Nebr.,  p.  20,  Tab.  1,  Figs.  33  and  34; 

(not  Nucula  EazanensiSfde  Verneuilf,  1845). 

Shell  longitudinally  subovate,  moderately  convex,  or  rather  gibbons 
in  the  umbonal  and  anterior  regions,  as  well  as  along  the  posterior  urn- 
bonal  slopes ;  basal  margin  semiovate ;  anterior  margin  more  or  less 
narrowly  rounded;  posterior  very  attenuate,  and,  at  the  extremity, 
subangular ;  umbonal  ridge  well  defined ;  cardinal  margin  behind  the 
beaks  slightly  concave  in  outline,  carinate,  and  sloping  backward, 
with  a  rather  distinct,  broad  concavity  or  impression  between  it  and  the 
umbonal  ridge,  in  front  of  the  beaks,  sloping  more  abruptly  with  a  con- 
vex outline ;  beaks  moderately  prominent,  and  located  generally  about 
two-fifths  the  entire  length  of  the  valves  behind  the  anterior  margin. 
Surface  ornamented  with  very  fine  and  regular,  concentric  stride,  which 
become  obsolete  on  the  posterior  umbonal  ridges. 

Length,  0.42  inch }  height,  0.20  inch ;  convexity,  0.10  inch. 

The  specimens  of  this  little  shell  yet  obtained  from  !N^ebraska  are 
smaller  and  more  pointed  behind  than  in  the  average  adult  size  of  N. 
bellistriata  from  the  typical  localities  in  Illinois,  as  well  as  rather  more 
finely  striated,  but  they  agree  so  closely  in  form  and  general  appearance 
as  to  render  their  identity  with  that  shell  almost  certain.  I  have  not  seen 
any  specimens  from  the  Nebraskalocalities  showing  the  hinge,  bilt  Dr.  Ste- 
vens describes  the  Illinois  specimens  as  having  "about  twenty-five  teeth, 
five  of  which  are  smaller  than  the  others,  and  clustered  under  the  beaks." 

Whether  Professor  Geinitz  is  right  in  referring  this  species  to  N, 
Kazanensis  of  Verneuil,  is  a  question  I  have  not  the  means  of  determin- 
ing, only  knowing  that  shell  from  figures  of  moulds  of  the  exterior 
left  in  the  matrix.  If  I  may  form  an  opinion  from  these  figures,  I 
should  say  that  it  is  very  similar  to  our  shell,  but  scarcely  more  so  than  to 
Illinois  specimens,  from  the  typical  localities  in  the  Coal-Measures  of 
that  State.  If  the  smaller  size  of  the  Nebraska  specimens  should  be  an 
objection  to  their  being  specifically  identical  with  N.  hellistriata^  it 
Bhould  he  remembered  that  this  objectiou  will  equally  apply  to  their 
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reference  to  the  Bassian  species,  wbich  is  very  nearly  of  the  same  size 
la  the  typical  Illinois  specimens  of  N.  hellistriata. 

Supposing  the  published  figures  of  N.parunculus,v.  Keyserling,  and  N, 
KazancTigiSj  de  Vemeuil,  to  be  even  nearly  correct,  I  must  differ  widely 
inom  Professor  Geinitz  in  regard  to  their  representing  tiie  same  species, 
[ndeed,  it  is  rarely  the  case  that  two  species  of  this  genus  are  more  un- 
ike,  even  if  we  compare  recent  and  Carboniferous  species.  The  JV.  par- 
ineulus^  if  correctly'  represented,  is  certainly  distinct  from  the  !N"ebraska 
md  Illinois  shell,  which,  although  varying  somewhat,  never  assumes  the 
form  of  Count  von  Keyserling's  species. 

Locality  and  position, — Division  C  of  the  Nebraska  City  section;  also 
at  a  lower  position  in  the  Coal-Measures  at  Leavenworth,  Kansas,  and 
various  localities  in  Iowa,  Illinois,  &c.  I  have  likawise  identified  precisely 
tbe  same  smaller  and  more  attenuate  variety  of  this  shell  among 
specimens  sent  by  Professor  Stevenson  from  the  Lower  Coal-Measures 
of  West  Virginia. 

Genus  MACEODON,  Lyoett. 

Macrodon  tenuistriata,  M.  &  W. 

Plate  X,  Fig.  20  a,  h. 

Macrodon  tenuistriata,  Meejc  &  Worthen,  1867,  Proceed.  Chicago  Acad.  Sci.,  I,  p.  17. 
Artattriata,  Geinitz,  1866,  Carb.  uud  Dyas  in  Neb.,  p.  20,  Tab.  1,  Fig.  32;  (not  Mytilites 
strialus,  Schloth.,  1817,=iilrca  striata,  V.  Scbaurotli,  1856). 

Shell  small,  rhombic-oblong,  rather  distinctly  convex,  along  the  um- 
bonal  slopes,  and  near  the  front,  a  little  more  than  twice  as  long  as 
high ;  basal  and  cardinal  margins  parallel  5  the  former  nearly  straight, 
or  somewhat  sinuous  near  the  middle;  cardinal  margin  straight,  not 
quite  equaling  the  greatest  anteroposterior  diameter;  anterior  side 
rounding  up  from  below  so  as  to  meet  the  hinge  nearly  at  right  angles ; 
[wsterior  basal  margin  narrowly  rounded ;  posterior  margin  obliquely 
truncated,  often  a  little  sinuous  above ;  dorsal  region  behind  the  umbo- 
lal  slope  compressed ;  beaks  convex,  a  little  flattened,  incurved,  and 
rising  somewhat  above  the  hinge  margin,  located  about  half-way  between 
:he  middle  and  the  front ;  flanks  broadly  impressed  or  concave  from  the 
imbonal  regions  obliquely  backward  to  the  faintly  sinuous  part  of  the 
>ase;  cardinal  area  unknown;  posterior  linear  teeth  about  three; 
mrface  ornamented  with  distinct  marks  of  growth  crossed  by  radiating 
narkings,  which  on  the  compressed  posterior  dorsal  region  form  rather 
tvell-detined  radiating  lines;  anteriorly,  however,  these  diminish  in 
jize  so  as  to  become  very  minute  or  scarcely  visible,  crowded,  obso- 
escent  strise. 

Length,  0.75  inch ;  height,  0.31  inch ;  convexity,  about  0.30  inch. 

Professor  Geinitz  has  identified  this  with  the  well-known  M,  8triatU8{= 
Uytilites  striatus  of  Schlotheim).  It  may  be  at  once  distinguished  from 
;hat  species,  however,  by  its  costae  becoming  mere  minute  obsolescent 
striae  on  the  middle  and  anterior  portions  of  the  valves.  In  order  that 
he  student  may  have  the  means  of  making  the  comparison  for  himself, 
[  have  also  given,  on  the  some  plate,  Fig.  27,  an  exact  copy  of  Professor 
jeinitz's  figure  of  tbe  M,  striatusj  from  the  Permian  rocks  of  Germany, 
,nven  in  his  "  Dyas,"  Taf.  XIII,  Fig.  33  a,  from  which  our  shell  differs 
n  so  many  points  that  I  think  there  can  be  but  one  opinion  among 
)aleontologists  generally,  in  regard  to  these  shells  being  clearly  distinct 
species.  I  do  not  wish  to  disguise  the  fact,  however,  that  M.  striatvs 
or  at  least  forms  referred  to  it)  varies  in  the  size  of  the  radiating 
X)st2e,  some  of  them  having  the  ribs  not  more  thau  bali  a^\aT^<^^^ 
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those  of  the  example  copied  from  Professor  Geinitz.  An  examinatioii 
of  good  European  specimens,  as  well  as  of  all  the  published  figures, 
shows  that  they  are  always  as  coarse  (and  generally  even  more  so)  on 
the  anterior  part  of  the  valves  as  behind,  and  never  become  mere  minute 
lines  on  any  part  of  the  valves,  while  there  are  other  differences  not  to 
be  overlooked. 

The,  surface  markings  mentioned,  together  with  its  much  less  ven- 
tricose  form,  will  also  distinguish  our  shell  from  M.  tumidu8(=Byss<Hirea 
tumida)  of  Sowerby.  From  Macrodon  carbo7iarim{=Arca  carlHmaria)^ 
Cox,  it  will  be  at  once  distinguished  by  its  finer  radiating  stride,  and  its 
beaks  being  placed  less  nearly  over  the  anterior  margin. 

Locality  and  position. — Division  C  of  the  Nebraska  City  section.  It 
also  occurs  in  the  Upper  Coal-Measures  of  Springfield,  Illinois,  and  at 
other  localities  of  that  State  in  the  Lower  Coal-Measures.  Dr.  White 
has  likewise  found  it  in  the  Upper  Coal-Measures  of  Western  Iowa. 

Genus  SCHIZODUS,  King. 

SCHIZODUS  CURTUS,  M.  &  W.  I 

PI.  X,  Fig.  13  a,  6,  c,  (dJ/)e. 

Schizodus  curiMy  Meek  &  Worthen,  1866,  Proceed.  Chicago  Acad.  Sci.,  1,  p.  18. 

f Roaaicuay  Swallow,  1858,  Trans.  St.  Louis  Acad.  Sci.,  1,  p.  193. 

Boaaiats,  Geinitz,  1866,Carb.  und  Dyas  in  Neb.,  p.  18,  Tab.  1,  Fig.  28 ;  (not  8,  Bo»- 

aicuaj  de  Verneiiil?) 
Comp.  Sch.  rotundatusy  Brown  sp.,  1841,  as  figured  in  King's  Perm.  Foso.,  England,  PL 

XV,  Fig.  30. 

Shell  small,  suborbicular,  rather  compressed,  thin;  anterior  side 
obliquely  subtruncated,  with  a  convex  outline  above,  and  rounded  intc 
the  base  below ;  base  deeply  rounded  anteriorly,  and  ascending  with  s 
slightly  straightened  outline,  or  even  sometimes  very  faintly  sinuous 
behind ;  posterior  side  narrower  than  the  front,  nearly  vertically  tran 
cated,  so  as  to  form  almost  a  right  angle  with  the  base  at  the  termina 
tion  of  the  umbonal  ridge,  and  more  or  less  rounding  into  the  cardina 
margin  above ;  posterior  dorsal  region  behind  the  umbonal  ridge  com 
pressed  and  cuueate;  cardinal  margin  sloping  more  or  less  behind  th( 
beaks ;  beaks  elevated,  incurved,  and  placed  very  slightly  in  advano 
of  the  middle ;  umbonal  slope  rather  distinctly  angular  from  the  beak 
to  the  posterior  basal  extremity ;  flanks  just  in  advance  of  this  ridg€ 
sometimes  faintly  concave ;  surface  marked  with  very  fine  concentri 
striae. 

Length  of  the  largest  specimen  of  the  form  from  which  the  abov 
description  was  drawn  up,  0.43  inch ;  height,  0.38  inch ;  convexitj',  abon 
0.16  inch. 

The  foregoing  description  was  made  out  from  a  fine  series  of  speci 
mens  from  Nebraska  City,  but  this  shell  agrees  so  nearly  witii  &  curtn 
from  the  Goal-Measures  of  Illinois  (see  Fig.  13,  c,/,  g,  of  same  plate,  givei 
for  comparison  from  an  Illinois  specimen  from  the  original  locality),  tha 
nearly  every  word  of  the  description  would  apply  equally  well  to  tha 
shell ;  the  only  differences  being  in  the  slightly  straighter  and  mor 
sloping  posterior  margin,  and  greater  convexity  of  the  Illinois  shdi 
The  latter  character,  however,  is  almost  certainly  due  to  the  accidents 
compression  of  the  Nebraska  specimens,  all  of  which,  when  ca^refuU; 
examined,  show  minute  cracks  on  each  side  of  the  beaks,  evidently 
produced  by  accidental  pressure.  The  Illinois  specimens  being  perfectly 
preserved,  with  the  substance  of  the  shell  remaining,  show  the  snrfac 
strisB  rather  more  distinctly  than  those  from  Nebraska,  which  are  cast 
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of  the  exterior.  Without  intending  to  express  a  positive  opinion  in 
regard  to  the  relations  of  these  two  forms,  I  have  concluded  to  refer  the 
Nebraska  City  specimens  provisionally  to  8.  curtus. 

In  regard  to  both  of  these  forms  being  distinct  from  8.  BossicuSj  how- 
ever, provided  the  figures  given  in  the  Geology  of  Russia  are  exact  and 
represent  normal  forms  of  that  shelly  1  think  there  is  much  less  room  for 
doubt.  Ofi  compjirison  with  these,  Figs.  21  a  and  21 5,  which  I  have  re- 
produced for  that  purpose,  particularly  Figi  21  a,  which  is  the  typical 
fonn  of  8.  Rossicus^*  it  will  bo  seen  that  the  Nebraska  shell  has  the 
beaks  much  more  prominent,  and  the  antero-ventral  region  much  more 
deeply  rounded,  while  its  posterior  margin  is  more  nearly  vertically  trun- 
cated. Its  posterior  basal  margin  is  also  more  angular  in  outline.  Now, 
in  all  these  characters  the  Nebraska  shell  is  very  constant.  It  is  true 
there  is  another  associated  form,  of  which  all  of  the  few  specimens  I 
have  seen  are  larger.  This  (see  Fig.  13  d)  I  think  almost  certainly  a  dis- 
tinct species,  having  seen  no  intermediate  forms. 

The  shells  here  described,  including  both  the  Nebraska  and  Illinois 
specimens,  are  certainly  very  closely  allied  to  8.  rotundatus  of  Brown,  and 
if  identical  with  any  European  shell  1  should  think  would  have  to  be 
referred  to  that  species. 

The  drawings  1  have  given  are  made  with  great  care,  and  all  the  points 
of  difference  mentioned  above  and  represented  in  the  figures,  both  from 
the  specimens  and  tne  figures  reproduced  for  comparison,  may  be  relied 
upon. 

Locality  and  position. — ^The  specimens  represented  by  Fig.  13  a,  5,  c, 
and  d,  are  from  division  0  of  the  Nebraska  City  section.  That  repre* 
sented  by  Fig.  13  6,/,^,  is  from  the  Wabash  cut-oflf,  Illinois  Upper  Coal- 
Measures.  I  also  have  somewhat  larger  specimens,  agreeing  nearly  with 
the  latter,  from  the  Coal-Measures  near  Atchison,  Kansas.  The  same 
form  is  likewise  found  in  the  Lower  Coal-Measures  of  Illinois.  Accord- 
ing to  Eichwald,  however,  8.  Bossicus  occurs  both  in  the  Carboniferous 
and  Permian  rocks  of  Eussia. 

ScHizoDus  Wheeleri,  Swallow,  sp. 
PL  X,  Fig.  1  a,  6,  c,  ^,  (and  e^ft). 

Cnricardia  1  Wkeeleriy  SwaUow,  1862,  Trans.  St.  Louis  Acad.  Vol.  I,  p.  96. 
Sehzodut  obscurus,  Geinitz,  1866,  Carb.  und  Dyas  in  Nebraska,  p.  20,  Tab.  I,  Figs.  30i 
and  31 ;  (not  Sowerby,  1821). 

Shell  attaining  a  medium  size,  longitudinally  subovate,  moderately 
convex;  anterior  side  wider  than  the  other,  and  regularly  rounded; 
posterior  side  narrowed,  and  obliquely  truncated ;  basal  outline  rather 
prominently  rounded  anteriorly,  and  straightened,  or  slightly  sinuous  be- 
tween the  middle,  and  sharply  roanded  or  subangular  posterior  basal 
extremity ;  dorsal  margin  straight,  and  sloping  from  the  beaks  to  the 
[nmcated  posterior  edge ;  beaks  rather  depressed  (for  a  species  of  this 
^nus),  incurved,  and  placed  about  half-way  between  the  middle  and  the 
ront,  or  perhaps  nearer  the  middle ;  posterior  umbonal  slope  rather 
)rominent,  or  usually  forming  a  rather  obtuse  ridge  near  the  posterior 
)a8al  extremity ;  surface  with  merely  fine  lines  and  obscure  marks  of 
jrowth. 

Professor  Swallow's  typical  specimen  of  Cypricardia  t  Wlieeleri^  ac- 
ording  to  a  tracing  he  permitted  me  to  make  from  his  drawing,  meas- 

ires  1.15  inches  in  length,  and  0.81  inch  in  height. 

'  —         . 

*  The  other  figare,21  h,  is  said  not  to  be  ezactlj^  correct,  and  be^deBmsw^  'WbVoii^XA 
.nother  species. 

H.  Ex.  19 14 
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It  is  possible  the  shell  described  under  the  above  name  by  Professor 
Swallow  may  be  distinct  from  those  figured  by  Professor  Geinitz,  as  the 
hinge  and  interior  of  the  two  cannot  be  compared  ;  yet  the  tracing  of 
the  S,  Wheeleriy  as  may  be  seen  by  Fig.  1  b  of  Plate  X,  is  so  nejirly  like 
Professor  Geinitz's  figures  (one  of  which  I  have  also  copied  on  the  same 
plate  (Fig.  1  a),  that  I  can  scarcely  doubt  their  identity. 

Figures  1  c,  dj  of  Plate  X,  represent  the  exterior  and  interior,  hinge,  &c 
of  a  beautiful  specimen,  apparently  of  the  same  shell,  from  the  Upper 
Coal-Measures  of  Adams  County,  Iowa,  kindly  loaned  to  me  by  Dr. 
White,  the  Iowa  State  geologist.    Figures  1  e  and  1/of  the  same  plate, 
represent  an  internal  cast  of  a  larger  specimen,  also  loaned  by  Dr.  White, 
from  the  Upper  Coal-Measures  of  Union  County,  Iowa.    Although  the  lat- 
ter is  larger,  and  differs  slightly  from  the  outline  of  Professor  Geinitz's  fig- 
ures, if  we  make  allowance  for  its  larger  size  and  for  the  fact  of  its  be- 
ing an  internal  cast,  I  see  no  very  satisfactory  reason  for  regarding  it 
as  a  distinct  species,  though  it  may  be  so.    At  any  rate,  all  of  these 
four  shells — that  is,  the  typical  8.  Wlieeleri,  the  one  figured  by  Professor 
Geinitz,  and  the  two  from  Iowa— differ  more  decidedly  from  the  pubhshed 
figures  of  8.  ohscurm^  to  which  Professor  Geinitz  refers  the  Nebraska 
City  specimens,  than  they  do  from  each  other.    For  instance,  it  will  be 
observed  that  they  all  have  the  umbones  less  prominent  and  less  ven- 
tricose  than  is  represented  in  the  published  figures  of  8,  obacunu; 
while  they  all,  both  in  internal  casts  and  testiferous  specimens,  present 
a  straightness  of  the  posterior  dorsal  slope,  and  a  distinctly  truncated 
outline  of  the  anal  margin,  never  yet  represented,  so  far  as  1  have  been 
able  to  see,  in  8.  ohscurus.    In  most  of  these  points  of  difference,  it  will 
be  observed  that  these  shells  agree  more  nearly  with  a  form  figured  by 
Professor  King,  under  the  name  8.  8chlot1ieimi^  Geinitz,  on  Plate  XV, 
Fig.  32  of  his  Monograph  of  the  English  Permian  fossils.    Professor  Gei- 
nitz, however,  thinks  this  specimen  figured  by  Professor  King  does  not 
belong  to  his  8.  8chlot1mmL    It  certainly  looks  very  unlike  any  of  those 
figured  by  Professor  Geinitz  under  that  name  in  his  work  on  the  Ger- 
man Permian  fossils,  although  the  figures  there  given  under  the  name  N. 
8chloth€i7ni  represent  at  least  three  forms  differing  much  more  widely 
from  each  other  than  the  Nebraska  and  Iowa  shells  differ  from  each 
other,  or  from  the  typical  8.  WJweleri  of  Swallow. 

Until  these  shells  can  be  better  known,  I  have  preferred  to  refer  them, 
provisionally,  to  Professor  Swallow's  species,  and  at  the  same  time  to 
give  figures  of  the  several  types,  so  that  others  can  have  the  means  of 
forming  their  own  conclusions  on  these  points. 

Locality  and  position, — Professor  Swallow's  type  of  8.  Wheeleri  is  from 
the  Upper  Coal-Measures  of  Caldwell  County,  Missouri.  The  specimens 
figured  by  Professor  Geinitz  are  from  division  C  of  the  Nebraska  City 
section :  and  those  I  have  figured  from  Iowa  came  from  Adams  and 
Union  Counties,  where  they  were  found  by  Dr.  W^hite  near  the  middle 
of  the  Upper  Coal-Measures,  associated  with  many  of  the  same  fossils 
found  in  division  C  of  Nebrask^a  City.  All  of  these  forms  also  occur  in 
the  Coal-Measures  of  Illinois. 

ScHizoDus,  undt, 

PI.  X,  Fig.  2. 

Of  this  form  I  have  seen  but  a  single  specimen,  consisting  of  an 
external  cast  of  one  valve.  In  its  general  outline  it  is  decidedly  more 
like  8.  ob8CUi*u9  than  that  figul'ed  by  Professor  Geinitz  under  that  name 
Jrom  the  same  bed  at  Nebraska  City  •,  and  yet  it  seems  to  differ  from 
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the  latter,  as  well  as  from  8.  obscurus^  in  being  more  compressed.  It 
will  also,  on  comparison,  be  at  once  seen  to  differ  from  the  other  Nebraska 
City  specimens,  as  well  as  from  those  from  Iowa,  in  having  its  umbones 
more  elevated  and  its  anterior  ventral  margin  more  deeply  ronnded  in 
oatline.  Without  other  si)ecimens  for  comparison,  I  would  not  be  will- 
ing to  refer  it  to  8.  ohscurus,  nor  j^et  to  name  it  as  a  new  species. 

It  is  also  worthy  of  note  that  the  form  under  consideration  is  quite 
as  nearly  like  one  of  the  specimens  figured  by  Professor  Geinitz  on  Plato 
XIII  of  his  work  on  the  Permian  fossils  of  Germany,  under  the  name 
8.  Schlotlieimij  though  quite  unlike  the  others.  I  mean  his  Figure  12 
of  the  plate  referred  to.  Not  having  access  to  his  original  description 
of  the  8.  Schlotheimi,  1  do  not  know  which  of  the  forms  he  has  figured 
on  the  plate  above  cited  is  the  type  of  that  species. 

Locality  and  position. — Division  C  of  the  Nebraska  City  section. 

Genus  MODIOLA,  Lamarck. 

MoDiOLA?  SUBELLIPTICA,  Meek. 

PI.  X,  Fig.  5. 

Clidopharm  (Pleurophorua)  ocddentalist  Geinitz,  1866,  Carb.  und  Dyas  in  Neb.,  p.  23,  Tab. 

II,  Fig.  6 ;  (not  Pleurophorus  occidentaliSf  M.  and  H.,  1858). 
Pleurophorus  BubellipHcMy  Meek,  1867,  Am.  Jour.  Sci.  and  Arts,  Vol.  XLIV,  new  series, 

p.  181. 

Shell  narrow,  subelliptical,  rather  convex,  extremely  thin,  usually  a 
little  more  than  twice  as  long  as  high ;  basal  margin  nearly  straight,  or 
sometimes  veiy  slightly  convex  or  sinuous  near  the  middle,  rounding 
up  at  each  extremity;  anterior  margin  narrowly  rounded;  posterior 
extremity  more  compressed,  and  more  broadly  round,  sometimes  a  little 
oblique  above ;  cardinal  margin  somewhat  straightened  along  the  mid- 
dle but  rounding  imperceptibly  into  the  anterior  and  posterior  extrem- 
ities; beaks  much  depressed,  or  scarcely  distinct  from  the  cardinal  mar- 
gin, moderately  convex  and  placed  very  near  the  anterior  margin,  but 
not  terminal ;  umbonal  slopes  forminga  very  obscure  narrow  ridge,  which 
extends,  with  a  slight  curve  from  each  umbo,  to  the  posterior  basal 
margin.  Surface  marked  with  moderately  distinct  lines  of  growth, 
which  on  the  posterior  dorsal  rigion  above  the  umbonal  ridge,  are  crossed 
by  very  minute  or  microscopic  radiating  and  rather  distinctly  divari- 
cating striae. 

Length  of  largest  specimen  seen,  1.03  inches ;  height  of  same,  0.45 
inch ;  convexity,  about  0.25  inch. 

Professor  Geinitz  referred  this  species  to  Pleurophorus  occidentalism 
M.  and  W.,  but  it  is  a  widely  distinct  shell,  differing  greatly  in  having 
its  beaks  scarcely  distinct  from  the  cardinal  margin,  instead  of  promi- 
nent and  nearly  terminal.  It  also  differs  in  the  outline  of  its  dorsal 
margin,  which  is  concave  in  P.  occidentalis  ;  while  the  latter  is  a  much 
thicker  shell.  Indeed,  a  careful  examination  of  a  good  series  of  speci- 
mens, obtained  from  Nebraska  City  b.v  Dr.  Hayden's  survey,  since  the 
publication  of  my  review,  in  the  American  Journal  of  Sciences,  of  Pro- 
fessor Geinitz's  work  on  the  Nebraska  fossils^  has  clearly  satisfied  me 
that  this  shell  is  not  a  Pleurophorus  at  all,  as  its  internal  casts  show  no 
traces  of  the  posterior  hinge  teeth  or  internal  ridgesof  that  genus.  Its  gen- 
eral form  and  divai-icating  minute  radiating  striae,  depressed  beaks,  &c., 
seem  to  indicate  affinities  to  some  of  the  sections  of  the  genus  Modiola^ 
tboagh  it  may  possibly  be  found  to  fall  into  the  genus  Cardiomorpha,  an<l 
have  to  take  the  name  C.  subelliptica,  or  into  Modiomorplux  and  Wv^Xo 
be  c^led  M,  subeUiptica, 
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Locality  and  position. — Division  C  of  the  Nebraska  City  section;  also 
at  a  lower  position  in  the  Coal-Measure  at  Riverside,  three  miles  below 
Atchison,  Kansas. 

Genus  PLEUROPHORUS,  King. 

Pleurophorus  oblongus,  Meek. 
PI.  X,  Fig.  4  a,  6,  c. 

Plairophorm  Pallasij  Geiuitz  (pars),  1866,  Carb.  und  Dyas  in  Neb.,  Tab.  II,  Fig.  4 ;  (not 
Modiola  Fallasi,  de  Vem.,  1845). 

Shell  small,  longitudinally  oblong,  about  twice  as  long  as  high,  mod- 
erately convex,  particularly  along  the  umbonal  slopes  from  the  beaks 
to  the  posterior  basal  margin,  but  without  any  defined  angle  or  ridge 
there;  cardinal  nvargin  nearly  straight,  and  subparallel  to  the  base, 
about  equaling  two-thirds  the  entire  length  of  the  valves ;  basal  mar- 
gin more  or  less  distinctly  sinuous  near  the  middle,  at  the  termination 
of  a  broad,  oblique  impression  or  concavity  extending  from  the  anterior 
side  of  the  beaks  under  the  umbonal  slopes  to  the  lower  margin ;  an- 
terior margin  narrowly  rounded  below;  posterior  side  much  wider, 
rounded,  or  sometimes  obliquely  subtruncated  above;  beaks  convex,  very 
oblique,  obtuse,  located  one-seventh  to  one-eighth  the  length  of  the 
valves  behind  the  anterior  extremity;  surface  with  apparently  only 
fine  concentric  marks  of  growth;  muscular  impressions  faintly  marked; 
ridge  behind  the  anterior  one  small ;  posterior  lateral  tooth  slender  and 
elongated. 

Length  of  largest  specimen  seen,  0.44  inch ;  height,  0.24  inch ;  con- 
vexity, about  0.14  inch. 

Although  this  shell  resembles  in  external  characters  some  of  the 
short  varieties  of  the  so-called  Pleurophorus  Palla^i^  from  the  Russian 
Permian  rocks,  I  cannot  agree  with  Professor  Geinitz  in  referring  it  to 
that  species,  because  some  of  the  internal  casts  before  me  show  that  the 
Nebraska  shell  has  a  distinct,  elongated,  linear  posterior-lateral  tooth, 
as  we  see  in  true  PleuropJiorus  ;  while  the  Russian  species  is  both  figured 
and  described  as  being  "completely  edentulous,'' and  is  consequently 
not  a  Pleurophorus^  but  more  probably  a  Cardiomorpha.  In  addition 
to  this,  our  shell  has  a  much  straighter  and  proportionally  longer  hinge, 
is  not,  so  far  as  yet  known,  so  variable  in  form,  and  has  its  anterior 
muscular  impression  defined  by  a  weaker  and  less  oblique  ridge. 

I  am  also  compelled  to  differ  with  Professor  Greinitz  in  regard  to  the 
identity  of  this  ayd  the  form  represented  by  his  Fig.  3  of  the  same 
plate ;  and  as  I  have  elsewhere  stated,  more  decidedly,  in  regard  to  the 
latter  being  identical  with  the  Russian  species  Pallasiy  from  which  I 
believe  it  to  differ  generically. 

Locality  and  position. — Division  C  of  the  Nebraska  City  section. 

Pleurophorus  oocidentalis,  M.  &  H.  t 
.  PL  X,  Fig.  12. 

PleurophoroKS   occidentalis,  Meek  &  Hayden,  1858,  Trans.  Albany  Inst,  IV;    1864, 

PaUeont.  Upper  Missouri,  p.  35,  PI.  I,  Fig.  11  a.* 
CUdophcrous  Pallasty  Geinitz  (pare),  1866,  Carb.  und  Dyaa  in  Neb.,  p.  23,  PI.  11,  Fig.  3; 
.  (not  Mytilus  PalUui,  de  Vera.,  1845). 

Internal  cast  small,  narrow-oblong,  moderately  convex  along  the  um- 
bonal slopes;  basal  and  dorsal  margins  nearly  straight  and  sub-parallel. 


« 'I 


This  figure  is  very  imperfectly  lithographed,  the  outline  of  the  base  being  made  too 
convex,  and  the  anterior  basal  margin  aacenda  too  o\A\q}(x&\^. 
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or  converging  slightly  forward:  posterior  side  wider  than  the  anterior, 
rather  compressed,  obliquely  sub-truncated  above  and  narrowly  rounded 
below;  anterior  side  very  short  and  rounded;  beaks  very  oblique,  located 
almost  directly  over  the  anterior  extremity;  posterior  dorsal  region, 
with  three  oblique  radiating  ridges,  extending  from  behind  the  beaks  to 
the  anal  margin,  the  lower  one  forming  the  umbonal  ridge;  below  the 
latter  traces  of  two  or  three  much  smaller  radiating  linear  marks  are 
seen ;  impression  of  posterior  lateral  hinge  tooth  distinct  along  the  car- 
dinal margin ;  internal  ridge  bounding  the  anterior  muscular  scar,  well 
defined  and  ranging  nearly  vertically. 
Length,  about  0.46  inch ;  height,  0.24  inch. 

It  is  not  without  some  doubts  that  I  have  referred  this  form,  which  1 
only  know  from  ^Professor  Geinitz's  figure  of  an  internal  cast  (copied  on 
PI.  X,  Fig.  12),  to  P.  occidentaliSj  M.  &  H.,  though  strongly  inclined  to 
believe  it  the  same.  It  is  much  more  like  that  species  than  the  figure 
of  it  given  in  our  Palaeontology  of  the  Upper  Missouri  would  leml  one 
to  suppose,  the  error  in  the  engraving  giving  the  shell  too  much  of  a 
pointed  appearance  anteriorly.  When  allowance  is  made  for  this  fault 
in  the  engraving,  and  it  is  borne  in  mind  that  Professor  Geinitz's  figure 
represents  an  internal  cast,  and  that  the  thickened  shell  in  the  region  of 
the  umbones  must  have  made  the  beaks  look  much  more  prominent  than 
in  the  cast,  it  will  be  understood  that  the  form  under  consideration  must 
have  closely  resembled  P.  occidentaUs. 

Whatever  may  be  its  relations  to  that  shell,  however,  it  seems  to  me 
very  clear  that  it  must  be  widely  distinct,  as  I  have  elsewhere  shown, 
from  the  so-called  Mytilus  Pallasij  de  Verueuil,  which,  as  already  stated, 
is  both  figured  and  described  as  a  "completely  edentulous^'  shell;  while 
that  under  consideration,  as  shown  by  the  cast,  has  the  long  posterior 
lateral  tooth,  as  well  as  the  general  physiognomy  of  true  Pleuroplwrous. 
In  short,  as  suggested  by  Professor  King,  the  so-called  Mytibts  Pallasij 
has  the  hinge  characters  of  Cardmnorpha  ;  but  whether  a  Cardiomorpha 
or  not,  it  can  scarcely  be  possible  that  it  belongs  to  the  same  genus  as 
the  shell  under  consideration. 

I  should  be  much  more  inclined  to  think  our  shell  identical  with 
Pleurophorus  costatiiSj  Brown,  than  with  the  Jlf.  Pallasi;  for  on  com- 
parison with  Professor  King's  figures  of  that  species  (Perm.  Foss., 
England,  Tab.  XV,  Figs.  13  and  14),  they  will  be  seen  very  closely  to 
resemble  it. 

Locality  and  position. — The  typical  specimens  of  P.  ocddentalis  were 
from  the  Upper  Coal-Measures  in  Otoe  City,  Nebraska,  opposite  the 
northern  boundary  of  Missouri.  The  specimen  figured  by  Professor 
Geinitz,  and  copied  on  Plate  X,  was  found  in  division  B  of  the  Nebraska 
City  section.  I  have  also  seen  the  same  shell  from  the  Upper  Coal- 
Pleasures  of  Illinois,  at  Gray  ville. 

Genus  EDMONDIA,  de  Koninck. 
Edmondia  eeflexa.  Meek. 

PI.  X,  Fig.  6,  a,  b;  and  PL  IV,  Fig.  7.? 

Shell  sub-elliptical,  the  length  being  about  twice  the  height,  moderately 
convex  in  the  umbonal  and  central  regions,  but  without  any  defined 
anterior  or  posterior  umbonal  ridges ;  basal  margin  forming  a  broad, 
sem-ielliptic  curve;  anterior  and  posterior  extremities  subequally 
rounded ;  dorsal  margin  somewhat  straightened  along  the  middle,  but 
rounding  into  the  extremities^  without  a  defined  cscutc\ieoiiC«t\\\Xi\3jL^\ 
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beaks  much  depressed,  obtuse,  and  rising  very  little  above  the  Mnge 
margin,  placed  near  half-way  between  the  middle  and  the  front;  sur- 
face with  fine  lines  and  small  andulations  of  growth.  (Hinge  and  in- 
terior unknown.) 

Length,  0.60  inch ;  height,  0.30  inch ;  convexity,  about  0.19  inch. 

Internal  casts  of  this  species  show  an  impression  near  the  hinge,  be- 
hind the  beaks,  apparently  made  by  a  cartilage  lamina,  such  as  we  see 
in  the  genus  JEdmondia,  to  which  I  have  provisionally  referred  it  At 
first  I  was  inclined  to  think  the  depressed  character  of  the  beaks  might 
be  due  to  some  accident;  but  finding  it  to  be  constant  in  several  exam- 
ples, showing  no  evidences  of  distortion,  I  can  but  regard  it  as  a  natural 
character  of  the  shell,  though  this  would  not  necessarily  prove  it  to  be- 
long to  this  genus. 

In  all  the  specimens  yet  obtained  the  anterior  margin  above  the  middle 
seems  to  be  slightly  reflexed,  as  if  the  valves  had  been  a  little  gaping 
there. 

Locality  and  position, — Division  C,  and  Morton's  shaft,  Nebraska  City 

EDMONDIA  t  GLABRA,  Mcck. 

PI.  X,  Fig.  7  a,  b. 

Shell  subelliptical,  rather  compressed,  or  moderately  convex ;  length 
about  once  and  a  half  the  height ;  extremities  rounded,  the  posteiior  a 
little  wider  than  the  other ;  basal  margin  semielliptic  in  outline ;  urn- 
bones  rather  obtuse,  rising  moderately  above  the  dorsal  margin,  and 
placed  less  than  half- way  forward  from  the  middle  toward  the  front ;  cardi- 
nal margins  sloping  very  slightly  from  the  beaks  backward,  and  rounding 
imperceptibly  into  the  posterior  margin,  declining  more  abruptly  an- 
teriorly, with  a  slight  excavation  in  front  of  the  beaks,  but  without  a 
defined  lunule ;  both  valves  without  anterior  or  posterior  umbonal  ridge 
or  escutcheon.  Surface  with  faint  lines  and  very  obscure  traces  of 
stronger  concentric  marks  of  growth. 

Length,  0.G7  inch  ;  height,  0.45  inch ;  convexity,  about  0.20  inch.  A 
single  imperfect  specimen  from  the  same  locality  and  iK)sition,  probably 
of  this  species,  shows  obscure  rounded  concentric  undulations,  and 
measures  1.60  inches  in  length,  and  about  1.10  inches  in  height. 

All  the  specimens  I  have  seen  being  casts  of  the  exterior,  giving  no 
clew  to  the  hinge  and  internal  characters,  it  is  only  provisionally  1  have 
referred  this  species  to  Edmondia.  1  know  of  no  species  with  which  it 
may  be  confounded,  unless  it  may  be  some  of  the  forms  briefly  charac- 
terized, by  Professor  Swallow,  under  the  names  Cypricardia^  Cardinia^  &c. 
As  near  as  1  can  determine  from  his  diagnoses,  however,  it  seems  to  be 
distinct  from  all  of  these. 

Locality  and  position. — Division  C  of  the  Nebraska  City  section. 

Edmondia  ?  Nebrascensis,  Geinitz,  sp. 

PI.  X,  Fig.  8  a,  6. 

Atftarte  Nehrasceima^  Geinitz,  1866,  Carb.  uud  Dyas  in  Nob.,  p.  16,  Tab.  1,  Fig.  25. 
?  Astarte,  sp.,  ib..  Fig.  27. 

Shell  subovate,  compressed,  more  or  less  rounded  at  the  extremities ; 
length  nearly  once  and  a  half  the  height ;  basal  margin  broadly  semi- 
elliptic  or  semiovate  in  outline ;  dorsal  margin  sloping  from  the  beaks, 
but  more  abruptly  in  front  than  behind,  rounding  into  the  extremities; 
beaks  moderately  prominent,  and  located  somewhat  in  advance  of  the 
middle.    Surface  marked  by  broad,  rounded,  rather  regular  concentric 
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fiirrows,  separated  by  sharp,  moderately  prominent  concentric  linear 
ridges,  which  sometimes  show  under  a  magnifier  indications  of  being 
minutely  crenate ;  impressions  or  furrows  between  the  ridges,  showing 
concentric  strise,  which,  by  the  aid  of  a  lens,  in  a  cross  light,  appear  to 
be  crossed  by  fine,  nearly  obsolete  radiating  markings. 

Length  of  largest  8X)ecimen  seen,  1.35  inches ;  height,  0.95  inch  ;  con- 
vexity, about  0.30  inch. 

It  will  be  observed  that  our  figure  8  b  does  not  exactly  agree  in  outline 
with  that  given  by  Professor  Geinitz,  and  represents  a  larger  shell.  Hence 
I  am  in  some  doubt  whether  or  not  it  is  the  same.  As  it  came  from  the 
same  locality  and  position,  hgwever,  and  agrees  more  nearly  with  his 
figure  than  any  of  the  other  specijaens  of  this  size  obtained  there,  I  have 
concluded  to  refer  it  provisionally  to  that  species. 

From  the  same  bed,  at  the  same  locality,  a  number  of  smaller,  more 
rounded  specimens  with  more  nearly  central  beaks  were  obtained,  ap- 
parently agreeing  almost  exactly,  in  their  furrows  and  ridges,  with  that 
described  above.  Fig.  8  a  of  PI.  X  represents  one  of  these  forms.  It 
was  probably  from  one  of  these  that  Professor  Geinitz's  Fig.  27,  of  his 
Tab.  1,  was  drawn,  though  that  figure  represents  the  beaks  more  exactly 
central,  and  the  hinge  margin  straighter,  than  any  of  our  specimens.  It 
is  possible  that  these  may  all  belong  to  the  one  species,  Nebrascensis ; 
though  I  suspect  them  to  be  distinct,  not  merely  from  the  differences  of 
size  and  form,  but  because  I  have  not  seen  satisfactory  evidences  of 
their  concentric  ridges  being  minutely  crenate,  as  in  the  larger,  more 
elongated  shell.  Should  these  smaller,  shorter  individuals  prove  distinct, 
they  may  take  the  name  Edmondia  f  Oeinitzii. 

In  regard  to  the  generic  relations  of  these  shells,  it  is  proper  to 
remark  that  Professor  Geinitz, only  referred  them  provisionally  to  the 
genus  AstartCj  and  says  he  thinks  they  may  belong  either  to  Edmondia 
or  Cardiomorpha,  In  this  opinion  I  fully  concur  with  him,  as  it  is  man- 
itiest  that  they  are  not  true  Astarte,  because  they  have  the  dorsal  mar- 
gin behind  the  beaks,  erect,  and  not  inflected  or  excavated,  and  want 
the  deeply  impressed,  sharply  defined  lunule  of  Asturte.  They,  more- 
over, seem  to  have  been  much  thinner  shells  than  we  usually  see  in 
that  genus.  The  absence  of  a  defined  lunule  and  inflected  dorsal  mar- 
gin also  separates  these  shells  from  Astariellaj  some  of  the  species  of 
which  they  closely  resemble  in  form  and  surface-markings. 

These  shells  seem  to  be  related  specifically  to  some  of  the  forms  de- 
scribed by  Professor  Swallow,  under  the  names  Cardiniaj  Edmondia^ 
Cypricardiaj  &c.,  and  may  possibly  be  identical  with  some  of  them,  but 
so  far  as  I  have  been  able  to  determine  from  descriptions  alone,  they 
seem  to  be  distinct. 
Locality  and  position. — Division  C  of  the  Nebraska  City  section. 

Edmondia  subtruncata,  Meek. 
PI.  II,  Fig.  7. 

Shell  longitudinally  oblong,  being  between  one-third  and  one-fourth 
longer  than  high,  moderately  convex,  the  greatest  convexity  being  near 
the  middle ;  posterior  margin  subtruncated,  though  convex  in  outline 
and  rounding  abruptly  into  the  basal  and  cardinal  margins ;  base  but 
slightly  convex  in  outline  along  the  middle,  and  rounding  up  rather  more 
gradually  anteriorly  than  behind ;  anterior  margin  short  and  narrowly 
rounded  below,  abruptly  and  obliquely  truncated  above ;  dorsal  margin 
nearly  straight  and  scarcely  declining  behind  the  beaks  •,  beaks  ratlxet 
depressed^  convex^  and  placed  nearer  the  anterior  end  t\ia\it\iem\dA\^, 
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Surface  of  cast  marked  with  moderately  distinct  irregular  andob* 

tiODS. 

Lengthy  1.33  inches ;  height,  0.95  iuch ;  convexity,  about  0.50  inch. 

It  is  possible  that  this  may  be  the  form  figured  by  Professor  GeiniU 
on  Plate  I  of  his  work  on  the  Nebraska  fossils,  as  Aatarte  gibbosa  of  Mc- 
Coy, though  it  is  proportionally  longer,  being  more  oblong  in  outline, 
and  less  ventricose.  Neither  of  these  shells  belong  to  the  genus  Astnrie^ 
however;  they  are  probably  Edmondia  or  Cardiomorpha.  The  identity 
of  either  of  them  with  McCoy's  species  is  exceedingly  doubtful,  how- 
ever. 

Locality  and  position, — Eock  Bluff,  Nebraska,  Upper  Coal-Measures; 
we  also  have  it  from  a  still  lower  position  in  the  Coal-Measures  at  Atchi- 
son, Kansas,  and,  I  believe  I  have  seen  it  in  the  Illinois  Lower  Coal- 
Measures,  though  of  this  I  am  not  quite  sure. 

Edmondia  Aspinwallensis,  Meek. 
PI.  IV,  Fig.  2  a,  6,  c. 

Edmondia  Aspinwallensis^  Meek,  1871,  Dr.  Hayden^s  Report  of  €^1.  Sarrey  Wyoming, 
p.  299. 

Shell  longitudinally  subovate,  moderately  convex,  the  greatest  con- 
vexity being  a  little  in  advance  of  and  above  the  middle ;  base  nearly 
semielliptic  in  outline :  posterior  side  rather  narrowly  rounded,  or  some- 
times verj^  faintly  subtruncate  obliquely  above ;  dorsal  margin  nearly 
straight  just  behind  the  beaks,  but  very  gradually  declining  with  a 
slightly  convex  outline  posteriorly ;  anterior  side  quite  short  and  de- 
clining very  abruptly  from  the  beaks  above,  and  rounded  below ;  beaks 
rather  depressed,  incurved,  and  located  nearer  the  anterior  end  than  the 
middle.  Surface  of  cast  with  moderately  distinct,  irregular  concentric 
undulations ;  showing  behind  the  beaks  distinct  impressions  of  the  car- 
tilage fulcra. 

Length,  1.45  inches ;  height,  1.03  inches ;  convexity,  about  0.68  inch. 

This  species  resembles  the  last  somewhat,  but  differs  in  being  more 
ovate,  instead  of  nearly  oblong,  owing  to  its  narrower  posterior  extrem- 
ity, and  more  elevated  beaks.  Its  undulations  are  also  more  obscure, 
and  its  beaks  more  pointed. 

Locality  and  position. — Aspinwall  on  the  Missouri,  in  apparently  a 
somewhat  higher  horizon  than  any  of  the  beds  exposed  at  !N'ebraska 
City.  It  also  occurs  at  various  horizons  in  the  Coal-Measures  of  Ilh- 
nois,  and  in  the  Lower  Coal-Measures  of  West  Virginia. 

Genus  CHJBNOMYA,  M.  &  H. 

Ch^nomya  Leavenworthensis,  M.  &  H. 

PI.  II,  Fig.  9. 

Alloriama  Leavenworthensis y  Meek  &  Hayden,  Dec'r,  1858;  Proceed.  Acad.  Nat.  Sol.  Philad., 

p.  263. 
Chasnomya  Leavenworthensis,  Meek,  1864,  PalsBont.  Upper  Missouri,  Part  1,  p.  43,  PL  U, 

Fifif.  1,  a,  &,  c. 

Of  this  curious  shell,  we  have  but  a  single  fragment,  consisting  of 
the  posterior,  extremely  widely  gaping  portion  of  the  two  valves  united. 
The  species  is  so  i>eculiar,  however,  and  so  entirely  unlike  any  other 
form  known  in  these  rocks,  that  it  can  scarcely  be  possible  to  confound  it 
with  any  other  shell.  It  shows  the  lines  of  growth,  and  small  con- 
centric  wrinkles^  abr^'^^^y  deflected  viaraWeWiO  Wife  <5i^\\\i^l\^  truncated 
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and  widely  gaping  posterior  margin,  very  clearly ;  and  even  the  radi- 
ating rows  of  ininnte  grannies  are  well  preserved  on  the  lower  half. 

Locality  and  portion. — ^The  specimen  figured  is  from  near  the  middle 
of  the  Rock  Bluff  section  of  the  Upper  Coal-Measures.  The  species  was 
originally,  described,  from  a  dark  argillaceous  limestone  of  the  Goal- 
Measures,  at  nearly  the  level  of  the  Missouri  Eiver,  at  Leavenworth, 
Kansas.  It  also  occurs  in  the  Goal-Measures  of  Iowa,  Missouri,  and 
Illinois,  being  sometimes  found  below  the  middle  of  the  series  in  the 
latter  State. 

Gblenomya  Minehaha,  Swallow,  sp. 

PI. —,  Fig.  13  a  6. 

AUorima  f  Minehahay  SwaUow,  1858,  Trans.  St.  Loais.  Acad.  Sei.,  Vol.  I,  p.  193. 
Ckmomya  Minehahaf  Meek  &,  Huydeu,  1858,  Palseont.  Upp.  Mo.,  p.  43. 

Shell  rhomboidal  in  outline,  very  convex,  distinctly  less  than  twice  as 
lougas  high;  posterior  truncation  very  oblique,  and  gaping  nearly  to 
the  full  breadth  of  the  united  valves,  but  without  reflexed  edges,  dorsal 
margins  comparatively  short,  concave  in  outline,  and  rather  distinctly 
inflected ;  basal  margin  forming  a  gentle  curve  from  the  sub-angular 
posterior  basal  extremity  forward,  and  obliquely  ascending  anteriorly  to 
the  very  short  abruptly  rounded  anterior  end ;  beaks  very  oblique, 
depressed,  incurved,  and  located  nearly  over  the  anterior  extremity  j 
posterior  umbonal  slopes  prominently  rounded  or  sub-angular,  and 
extending  obliquely  backward  and  downward  to  the  posterior  basal  angle. 
Sori^ace  of  cast  showing  obscure  marks  of  growth  parallel  to  the  basal 
and  truncated  posterior  margin,  being  rather  abruptly  flexed  in  crossing 
the  umbonal  ridge. 

Length,  1.58  inches;  height  at  posterior  end  of  hinge,  0.92  inch;  con- 
vexity near  the  middle,  0.78  inch ;  breadth  of  posterior  gap,  0.56  inch. 

I  am  not  entirely  sure  that  this  is  Professor  Swallow's  species,  though 
it  agrees  pretty  well  with  his  description,  and  almost  exactly  with  a 
tracing  in  my  possession  of  one  of  Professor  Swallow's  drawings,  under- 
stood by  me  to  be  from  his  type  specimen.  It  will  be  distinguished 
from  the  last  by  its  shorter  and  more  rhombic  form,  more  obliquely  trun- 
<^ted  posterior  margin,  and  shorter,  narrower,  and  more  oblique  ante- 
rior. Perfect  specimens  would  probably  show  the  usual  granulations  of 
the  surface. 

Locality  and  position. — The  typical  specimens  described  by  Professor 
Swallow,  were  from  the  Middle  Coal-Measure,  at  Lexington,  Missouri. 
That  here  described  and  figured  on  PI.  II,  was  found  in  the  Coal-Meas- 
'ires,  at  Plattsmouth,  Nebraska,  in  bed  Ko.  2,  of  the  section  at  that 
place:  but  it  was  inadvertently  omitted,  among  the  fossils  mentioned  in 
the  Plattsmouth  section. 

Genus  ALLOEISMA,  King. 
Allorisma  (Sedgwickia)  beflexa,  Meek. 

PI.  X,  Fig.  15. 

Shell  rather  small,  longitudinally  subovate,  rather  convex  in  the 
central  region ;  nearly  twice  as  long  as  high  ;  anterior  margin  rounded  in 
outline ;  base  forming  a  subelliptic  curve,  excepting  that  it  is  slightly 
sinuous  in  advance  of  the  middle ;  posterior  margin  compressed^  and 
ascending  obliquelj  from  the  base  nearly  half-way  up,  au^  ^  WXXXr^ 
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straightened,  or  even  slightly  sinuons,  in  outline ;  above  the  middle,  trun- 
cated obliquely  forward  and  distinctly  gaping  or  reflexed ;  dorsal  margin 
concave  in  outline  behind  the  beaks,  and  rounding  forward  into  the 
anterior  border  in  front  of  them ;  beaks  depressed  and  placed  near  half* 
way>  between  the  middle  and  the  front,  with  slight  backward  inclination, 
somewhat  as  in  Nuculana;  posterior  dorsial  part  of  the  valves  com- 
pressed, and  provided  with  two  obscure  ridges  nearly  parallel  with  the 
cardinal  edge,  excepting  that  the  lower,  which  is  usually  wider  than  the 
other,  is  more  oblique.    Surface  ornamented  with  obscure  lines  of  growth, 
and  small,  very  regular  concentric  wrinkles,  which  become  obsolete  on 
the  posterior  dors^  portion  of  the  valves,  and  quite  distinct  on  all  ih( 
more  convex  parts,  where  they  curve  parallel  to  the  basal  outline,  bein^ 
a  little  straightened,  or  even  very  slightly  arched,  as  they  cross  an  ob 
scure,  uudelined  concavity  extending  from  near  the  beaks  to  the  sinuoui 
part  of  the  base ;  crossing  the  concentric  marking,  exceedingly  small,  o 
almost  microscopic,  rather  distant  radiating  lines  may  also  be  seei 
under  a  strong  magnifier ;  on  the  anterior  part  of  the  valves,  and  nea 
the  beaks,  these  lines  seem  to  be  nearly  or  quite  continuous,  but  on  tb 
posterior  ventral  portions  they  are  seen  to  be  composed  of  the  usoa 
minute  granules. 

Length,  1.50  inches ;  height  about  0.55  inch ;  convexity  near  0.3d  incl 

This  must  be  a  very  neat,  pretty  species,  when  found  entire.  It  i 
remarkable  for  its  concave  dorsal  margin  behind  the  beaks  and  its  al 
ruptly  gaping  truncated  posterior  extremity.  This  gap,  however,  i 
entirely  above  the  middle,  and  seems  to  have  a  somewhat  upward  dire< 
tion.  In  its  gaping  posterior,  and  some  of  its  other  characters,  it  resen 
bles  the  genus  Chamomyaj  though  its  general  physiognomy  is  differed 
being  much  more  like  that  of  Lyonsia.  Specifically,  it  is  perhaps  mos 
nearly  related  to  the  shells  described  by  Dr.  Shumard  from  the  Uppc 
Coal-Measures  of  Kansas,  under  the  names  Leptodomus  TopekaenM  an 
L.  granosm  (Trans.  St.  Louis  Acad.  Sci.,  1,  pp.  207  and  208),  thougl 
as  near  as  I  can  determine  from  descriptions  alone,  it  must  be  clearl 
distinct  from  both,  on  account  ot  its  concave  dorsal  outline,  want  of 
posterior  umbonal  ridge,  and  in  its  gaping  posterior  extremity,  &c 

It  is  quite  probable  that  it  was  to  this  species  that  Professor  Geinil 
alludes,  in  connection  with  that  I  have  described  under  the  name  i 
Oeinitzii  (which  he  referred  to  A.  elegans)^  as  being  an  intermedial 
connecting  link  between  the  A.  Oeinitzii  and  A.  elegans.  He  was  prol 
baly  led  into  this  view  by  not  having  a  safldciently  extensive  series  of  tt 
A.  Oeinitzii  for  study ;  otherwise  be  would  certainly  have  seen  that  thj 
little  shell  never  attained  more  than  one-fourth  the  size  of  this,  and  n< 
only  differs  in  general  outline,  and  the  absence  of  any  traces  of  the  di 
tinct  regular  concentric  wrinkles  of  this  species,  but  in  the  constant  po 
session  of  a  sharply  defined  posterior  umbonal  carina,  of  which  there  is  i 
trace  in  this  shell.  I  probably  must  have  seen  altogether,  at  the  localil 
and  in  the  material  collected,  not  less  than  one  hundred  specimens  of  ^ 
Oeinitzii^  not  one  of  which  was  even  half  as  large  as  this,  while  they  a 
possess  the  sharp  carina,  and  show  no  tendency  whatever  to  vary  int 
the  form  or  A,  elegans.  In  short,  it  is  remarkably  constant  in  all  of  ii 
characters,  and  perhaps  the  most  strongly  defined  species  in  all  of  oi 
rocks. 

Locality  and  position, — Division  C  of  the  Nebraska  City  section.  ! 
also  occurs  in  both  the  upper  and  lower  divisions  of  the  Coal-Measun 
of  Illinois. 
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Al-lorisma  (Sedgwickia)  Geinitzh,  Meek. 

'v 

PI.  X,  Fig.  16  a,  b. 

JUoritma  degans,  Geinitz,  1866,  Carb.  und  Dyaa  iu  Neb.,  p.  13,  Tab.  1,  Fig.  21 ;  (not  of 

Kiug,  1844). 
GemUzii,  Meek,  1867,  Am.  Jonr,  Sci.  and  Arts,  Vol.  XLIV,  new  series,  p.  170. 

Shell  small,  rather  compressed,  longitudinally  subovate,  abruptly  nar- 
rowed from  the  beaks  posteriorly ;  umbonal  slopes  distinctly  carinate 
from  the  beaks  to  the  posterior  basal  angle ;  anterior  side  subtruncat^, 
with  an  abiiipt  slope  from  the  beaks  obliquely  forward  above,  and  round- 
ing into  the  base  below ;  ba^al  margin  somewhat  prominently  rounded 
anteriorly,  and  nearly  straight  or  faintly  sinuous  behind ;  posterior  end 
compressed,  its  margin  abruptly  truncated  vertically,  so  as  to  make  its 
upper  and  lower  parts  nearly  rectangular ;  cardinal  margin  sloping  with  a 
slightly  concave  outline,  from  the  beaks  to  the  truncated  posterior  end ; 
beaks  elevated,  incurved,  and  placed  about  half-way  between  the  mid- 
dle and  the  anterior  extremity  of  the  valves.  Surface  ornamented  with 
namerous,  minute,  closely  crowded  granules,  which,  on  the  umbones  and 
other  parts  of  the  valves  in  front  of  the  angular  umbonal  slope,  show  a 
tendency  to  arrange  themselves  in  radiating  lines,  which  are  crossed  by 
more  or  less  distinct  lines  of  growth ;  on  the  compressed  corselet  above 
and  behind  the  umbonal  carina,  there  are  usually  two  or  more  obscure 
radiating  ridges  and  furrows,  crossed  by  moderately  distinct,  granular 
Unes  of  growth,  parallel  to  the  truncated  posterior  margin. 

Length  of  the  largest  example  seen  in  a  fine  series  of  specimens,  0.50 
inch;  height  of  umbones  in  ditto,  0.30  inch;  height  of  truncated  posterior 
end  same,  0.16  inch ;  convexity,  about  0.13  inch. 

This  beautiful  little  shell  was  referred  by  Professor  Geinitz  to  Allorismu 
ekgans  of  King,  but  I  have  no  doubt  whatever  in  regard  to  its  being 
a  clearly  distinct  species,  our  figure  16  a  of  PL  X,  being  the  largest  speci- 
men of  a  series  of  about  sixty  examples :  while  A.  elegans  attains  the 
size  of  figure  22  b  of  the  same  plate,  copied  for  comparison  from  Profes- 
sor King's  typical  figure.  It  is  also  easy  to  see  from  this  and  Fig.  22  a 
of  same  plate,  copied  from  another  figure  of  A.  elegans j  given  by  Profes- 
sor Geinitz  in  his  Dyas  (Tab.  XII,  Fig.  14&)  of  a  German  specimen,  that 
the  form  of  our  Nebraska  shell  is  entirely  difierent,  so  much  so,  indeed, 
as  to  suggest  doubts  whether  it  really  belong  to  the  same  genus.  In 
the  first  place  it  will  be  observed  that  our  shell  has  its  umbones  and 
anterior  ventral  region  much  more  prominent,  and  its  posterior  half 
more  narrowed  and  abruptly  truncated.  Its  umbonal  ridge  is  likewise 
always  distinctly  carinate. 

Professor  Geinitz  noticed  some  of  these  differences,  but  thought  them 
not  of  specific  importance,  because  A.  elegans  is  variable,  particularly 
in  the  umbonal  angle,  and  he  had  seen  a  much  larger  specimen  from 
Nebraska,  with  the  umbonal  ridge  blunt.  I  can  only  say,  however,  that 
i  series  of  about  sixty  specimens  before  me  shows  the  Nebraska  shell 
mder  consideration  to  be  exceedingly  constant  in  all  its  characters : 
vhile  none  of  these  specimens  I  have  seen  exceed  in  size  that  represented. 
)y  Fig.  16  a  of  Plate  X.  The  last-described  species,  however,  from  the 
ame  locality  and  position,  is  a  larger  somewhat  similar  shell,  belonging 
o  an  entirely  different  species,  with  a  rounded  umbonal  slope.  This  I 
uspect,  as  already  suggested,  is  the  one  alluded  to  by  Professor  Geinitz. 
Locality  and  positian. — Very  common  in  division  C  at  Nebraska  City, 
o  which  horizon  I  at  one  time  supposed  it  to  be  confined.  More  recently, 
lowever,  I  have  seen  specimens  of  this  shell,  presenting  exactly  the  same 
haracters,  from  the  Upper^  Middle,  and  Lower  Coal-Measures  otWv\xft\&* 


220  UNITED  STATES   GEOLOGICAL   SURVEY   OF 

Allorisma  (Sedgwickia?)  subelegans,  Meek. 

PI.  X,  Fig.  14. 

Shell  small,  rather  compressed,  less  than  twice  as  long  as  high,  great- 
est convexity  near  the  middle,  and  in  advance  of  it;  both  extremities 
closed  5  anterior  margin  rounded  into  the  base  from  near  the  middle^ 
nearly  straight  and  sloping  forward  from  the  beaks  above;  posterior 
extremity  obliquely  subtruncated,  but  connecting  with  the  base  and 
cardinal  margin,  without  any  defined  angle ;  cardinal  margin  inflected, 
nearly  straight,  and  sloping  slightly  from  the  beaks ;  base  rather  straight 
and  subparallel  to  the  hinge  along  the  middle,  but  rounding  up  at  the 
extremities ;  beaks  rather  broad,  moderately  prominent,  and  placed  a 
little  in  advance  of  the  middle ;  umbonal  region  somewhat  compressed 
along  the  middle;  posterior  umbonal  slopes  moderately  prominent,  ii 
consequence  of  the  compression  of  the  posterior  dorsal  region,  but  nol 
carinated,  nor  even  forming  a  defined  ridge.  Surface  ornamented  witl 
concentric  striae,  and  small  undulations  of  growth,  which  are  distiuctl^\ 
and  regularly  defined  on  the  umbones  and  more  convex  portions  of  th( 
valves,  but  become  abruptly  obsolete  on  the  compressed  posterodorsa 
region ;  extremely  minute  granules  also  cover  the  entire  surface  in  venj 
closely-crowded  radiating  rows. 

Length,  0.56  inch ;  height,  0.32  inch ;  convexity  about  0.20  inch. 

This  little  shell  is  evidently  allied  to  A,  elegam  of  King,  indeed,  mud 
more  so  than  the  last,  which  has  been  identified  by  Professor  Geinitz 
with  that  species.  After  a  critical  comparison,  however,  with  Professoi 
King's  figure  and  description  of  A.  elegant,  as  well  as  with  those  of  Ger 
man  examples  of  the  same  published  by  Professor  Geinitz,  I  do  nol 
feel  warranted  in  identifying  the  form  under  consideration  with  that 
species.  At  any  rate,  it  differs  in  having  its  umbones  wider,  and  placed 
farther  back,  as  well  as  more  compressed,  while  its  concentric  undula 
tions  are  more  strongly  and  regularly  defined  on  its  umbonal  and  centra 
regions.  In  fact,  it  seems  to  me  to  be  as  much  like  young  examples 
of  a  Carboniferous  shell  figured  by  Professor  McCoy,  in  his  Britisl 
Palaeozoic  Fossils,  PI.  3  F,  under  the  name  Leptodomus  variabilisj  par 
ticularly  his  Figure  8,  of  the  plate  cited. 

That  this  shell  is  clearly  distinct  from  the  last  is  too  obvious  to  require 
a  careful  comparison,  especially  when  it  is  remembered  that  we  have 
not  less  than  fifty  or  sixty  specimens  of  that  shell,  all  agreeing  with 
remarkable  exactness  with  the  figures  given ;  while  of  the  form  here 
under  consideration  but  the  single  example  figured  was  found  among 
all  the  collections  yet  obtained.  It  may  be  well  to  remark,  further,  that 
in  addition  to  the  manifest  differences  of  form,  the  species  under  con- 
sideration has  its  surface  granules  much  more  minute,  being,  in  fact, 
almost  invisible,  except  when  looked  for  in  a  good  light,  with  a  strong 
magnifier ;  while  in  the  last  they  are  visible,  on  well-preserved  speci- 
mens, to  good  eyes  without  the  aid  of  a  magnifier  of  any  kind. 

Locality  and  position, — Same  as  last.  It  also  occurs  at  various  horizons 
in  the  Coal-Measures  of  Illinois. 

Allorisma  (Sedgwickla.)  granosa,  Shumard,  sp. 

PI.  II,  Fig.  8. 

Zeptodomue  granosus,  Shnmard,  1858,  Trnnsactions  St.  Louis  Acad.  Sci.,  Vol.  1,  p.  207. 
Compare  L,  TopekaenMs,  Shamard,  1858,  ib.,  p.  208. 

Shell  very  thin,  approaching  an  irregular,  oblong  form,  the  length 
being  leas  than  twice  the  height,  very  convex,  the  most  gibboiis  part 
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being  near  the  middle  of  the  valves ;  beaks  prominent,  incurved,  some- 
what flattened  on  the  outer  side,  and  placed  about  half  way  between 
the  middle  and  the  front.  Dorsal  margin  straight  behind  the  beaks, 
and  nearly  parallel  to  the  general  outline  of  the  base,  inflected  so  as  to 
fonn  a  distinct,  flattened,  lanceolate,  lunule-like  area,  bounded  on  each 
side  by  a  well-defined,  subangular  ridge;  posterior  side  nearly  or  quite 
closed,  obliquely  truncated,  with  sometimes  a  faint  sinuosity  near  the 
middle ;  anterior  side  rather  abruptly  sloping  forward,  and  straightened 
above,  and  rounding  into  the  base  below,  near  which  it  seems  to  be  a 
little  gaping;  base  somewhat  straightened,  or  even  a  little  sinuous  in 
outline,  just  in  front  of  the  middle,  at  the  termination  of  a  broad,  very 
shallow  concavity,  extending  a  little  obliquely  downward  and  backward 
from  the  umbonal  region ;  behind  this  rather  prominent,  thence  ascend- 
ing obUquely  with  a  slightly  convex  outline,  to  the  truncated  posterior 
margin.  Posterior  umbonal  slopes  very  prominently  rounded  above, 
and  continued  as  a  low  undefined  ridge,  obliquely  backward  and 
downward ;  posterior  dorsal  slope,  above  ,the  umbonal  ridge^  with  an 
oblique,  shallow,  rounded  sulcus,  extending  from  the  back  part  of  the 
beaks  to  the  middle  of  the  truncated  margin  behind.  Surface  marked 
with  fine  lines  of  growth  .and  small  irregular  concentric  wrinkles,  which 
latter  are  not  defined  on  the  posterior  dorsal  region  above  the  umbonal 
ridge;  crossing  these  are  the  usual  radiating  rows  of  minute  granules. 

kngth,  2  inches ;  height,  1.15  inches ;  convexity,  1  inch. 

Dr.  Shumard  described  two  species,  L,  granosus  and  L,  TopeJcaermSy 
and  without  figures  to  illustrate  the  differences,  I  am  left  in  some  doubt 
which  of  his  si>ecies  this  is,  though  it  agrees  best  with  the  first.  Both 
of  these  species  belong  to  the  same  group  as  Allorisima  concava,  M.  & 
H ;  A,  Geinitziij  Meek ;  Sanguinolites  variabilis j  and  8.  costellatusj  McCoy, 
and  probably  A.  elegans^  King.  They  differ  from,  the  typical  forms  of 
the  genus  Allorisma,  in  presenting  a  peculiar  Lyonsia-like  physiogomy, 
and  should  probably  form  at  least  a  distinct  section  of  the  genus,  if  not 
an  entirely  different  genus.  McCoy  referred  his  species  to  LeptodomuSj 
but  I  cannot  think  them  congeneric  with  the  type  upon  which  he  first 
proposed  to  found  that  group.  To  me  they  appear  more  nearly  allied  to 
the  ori^nal  typical  form  of  his  Sedgwickia,  which  latter  name  I  am  in- 
clined to  retain  for  them,  at  least  in  a  subgeneric  sense. 

Locality  and  position. — The  specimen  figured  on  Plate  II  was  obtained 
at  Rock  Bluff,  on  the  Missouri,  in  the  Upper  Coal-Measures.  Dr.  Shu- 
mard^s  typical  specimen  was  found  in  the  same  horizon,  on  Verdigris 
Kiver,  Kansas. 

Allobisma  subcuneata,  M.  &  H. 
PI.  n,  Fig.  10  a,  b. 

Mhrima  iuhcuneatay  Meek  &  Hayden,  Deer.  1858,  Proceed.  Acad.  Nat.  Sci.  Philad.,  p. 

263 ;  Palffiont.  Upp.  Mo.,  1864,  Part  1,  p.  37,  PI.  1,  Fig.  10  a,  b  ;  Geinitz,  1866^ 

Carb.  und  Dyaa,  p.  76. 
^ ettsiformiSy  Swallow,  1860,  Trans.  St.  Lonis  Acad.  Sci.,  Vol.  11,  p.  653. 

Shell  attaining  a  large  size,  longitudinally  elongated,  or  twice  to  three 
times  as  long  as  high,  the  proportional  length  increasing  with  age,  great- 
est convexity  a  little  in  advance  of  the  middle  and  in  the  umbonal  region ; 
caneate  and  a  little  gaping  behind,  where  the  margin  is  more  or  less 
narrowly  rounded  in  outline.  Basal  and  dorsal  margins  nearly  parallel, 
the  latter  being  more  or  less  concave  in  outline,  or  nearly  straight,  and 
inflected  so  as  to  form  a  lanceolate  kind  of  false  area,  bounded  by  au 
obtuse  ridge  on  each  aide,  just  outside  of  which  tliere  is  a  s\ia\\o^  \rsi!^ft- 
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fined  sulcus ;  basal  margin  slightly  convex,  or  somewhat  straightened 
along  the  middle,  and  sometimes  very  faintly  sinuous  just  under  tbe 
beaks,  rounding  up  more  abruptly  before  than  behind;  anterior  margm 
very  short,  a  little  gaping  and  rather  prominently  rounded  below,  beaks 
convex,  incurved,  and  placed  near  the  anterior  end,  rather  depressed, 
but  rising  moderately  above  the  dorsal  margin.    Surface  ornamented 
with  fine  stri®  of  growth,  and  well-defin^  concentric  undulations 
usually  most  distinct  and  regular  on  the  beaks  and  umbonal  region. 

Length  of  largest  specimen  seen,  4.81  inches ;  height  from  ventral  to 
dorsal  margin,  near  middle,  1.76  inches;  convexity,  1.57  inch. 

This  fine  species  has  neither  umbonal  ridge  nor  lunule,  properly  speak 
ing,  though  t:here  is  an*  undefined  excavation  in  front  of  the  beaks,  anc 
an  obscure  ridge  extending  from  the  back  part  of  each  beak  to  the  pos 
terior  extremity  of  the  hinge.  Like  perhaps  all  other  species  of  thi 
and  several  allied  genera,  this  species,  when  well  preserved,  has  its  en 
tire  surface  covered  with  granules.  These  granules  are  rather  scattei 
ing  and,  as  usual,  arranged  in  radiating  rows;  it  is  very  rarely,  how 
ever,  that  specimens  are  found  in  a  condition  to  show  these  delicate  soi 
face  characters,  since  there  are  usually  no  traces  of  them  on  casts  of  th 
Shell. 

The  typical  specimens  upon  which  this  species  was  founded  wer 
rather  imperfect,  and  the  one  figured  in  the  Palajontology  of  the  Uppe 
Missouri  (PI.  1,  Fig.  10)  has  the  posterior  extremity  broken  away,  Th 
blank  restoration  of  this  wanting  portion  has  the  outline  represents 
somewhat  inaccurately,  so  as  to  give  an  unnatural  straightness  to  tb 
hinge.  I  have  also  since  ascertained  that  the  sinus  of  the  pallial  Urn 
which  is  exceedingly  obscure  and  very  rarely  seen,  is  there  rcpreseutei 
rather  too  angular  in  outline. 

In  many  respects  thi^  species  very  closely  resembles  A.  regularise  King 
as  figured  on  PI.  XIX,  Fig.  6,  of  the  Geol.  Russia,  Vol.  11.  Indeed,  tb 
resemblance  is  so  close  that  at  one  time  1  was  inclined  to  think  the; 
might  possibly  be  the  same.  On  comparison  of  the  dorsal  view,  ho\i 
ever,  as  represented  by  our  Figure  10a,  PL  II,  it  will  be  seen  that  tb 
inflected  portion  of  its  cardinal  margin  is  much  broader  than  in  tb 
Eussian  species,  so  as  to  form  a  broad  lanceolate  excavation,  instead  of ; 
mere  linear  depression.  In  addition  to  this,  our  shell  has  a  ridge  alooj 
the  hinge,  on  each  side  of  the  depression  alluded  to,  not  seen  in  tb 
Eussian  shell. 

Although  Professor  Swallow's  diagnosis  of  his  A.  ensifomiis  does  nc 
agree  in  all  respects  with  the  shell  under  consideration,  I  am  inclined  t 
think  this  and  the  obscurity  of  his  description  has  arisen  from  tb 
accidental  omission  by  the  printer  of  a  part  of  the  description.  At  an 
rate,  1  have  not  much  doubt,  from  a  tracing  of  his  typical  specimen  Ih 
fore  me,  that  his  shell  and  that  under  consideration  are  identical.  It  i 
rather  longer  in  proportion  to  its  height,  and  has  its  anterior  extremit 
a  little  shorter  than  the  specimen  here  figured,  but  a  good  series  ( 
specimens  shows  the  species  to  vary  in  these  respects. 

Locality  and  position, — Eock  Bluif,  where  it  is  quite  abundant  in  be 
No.  9  (see  section  of  that  place);  two  and  one-half  miles  southwest  ( 
Nebraska  City ;  Wyoming,  &c,  in  beds  referred  by  Professor  G^init 
and  Professor  Marcou  to  the  Dyas;  also  at  Leavenworth  and  Atchisoi 
Kansas :  Plattsmouth,  Nebraska,  and  in  short  at  numerous  places  i 
the  Coai-Measures  of  the  Western  States.  It  is  not  uncommou  in  bot 
the  Upper  and  Lower  Ooal-Measures  of  Illinois. 
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Genus  PEOTHYEIS,  Meek. 

Prothyris  elegans,  Meek. 

PI.  X,  Fig.  9-a,  b. 

Prolkyris,  Meek,  1869,  Proceed.  Acad.  Nat.  Sci.  Phila.,  July,  p.  172. 

elegaM,  Meek,  1871,  American  Jour.,  Conchology,  Vol.  VII,  p.  5,  PI.  1,  Fig.  3. 

Shell  compressed,  elongate- oblong,  the  length  being  about  three  and 
a  half  times  the  height ;  ventral  and  dorsal  margins  straight  or  a  little 
arched ;  the  latter  with  a  faintly  defined  margioal  furrow,  below  which 
there  is  usually  an  obscure  ridge  also  parallel  to  the  aorsal  margin ; 
posterior  extremity  obliquely  subtruncate,  the  most  prominent  part 
being  below  the  middle ;  beaks  compressed,  depressed,  not  distinct  from 
the  dorsal  margin,  and  placed  about  one-eighth  or  one-ninth  the  length 
of  the  valves  behind  the  anterior  extremity;  notch  of  the  anterior 
margin  well  defined,  and  extending  about  half  way  up  from  the  base, 
and  near  half  the  distance  back  from  the  front  to  the  beaks ;  ridge 
from  the  inner  angle  of  the  notch  narrow,  flat,  and  widening  slightly 
from  above ;  anterior  margin  above  the  notch  rounded,  and  having  the 
appearance  of  a  little  flattened  ear  ]  surface  strisB  nearly  obsolete  on 
the  upper  half  of  the  valves,  and  more  distinct  on  the  ventral  and  antero- 
ventral  regions. 

Length  of  largest  specimen  seen,  1.07  inches ;  height,  0.33  inch ;  con- 
vexity, about  0.08  inch. 

The  only  other  species  of  this  genus  known  to  me  is  from  the  low^t 
member  of  the  Carboniferous  system  in  Michigan  and  Ohio,  known  in 
the  former  State  as  the  Marshall  group,  and  in  the  latter  as  the  Waverly 
group.  This  older  species  (P.  Meeki  of  Winchell)  is  more  convex,  with 
the  anterior  ventral  angle  less  sharply  defined,  and  the  posterior  margin 
more  sloping  above. 

Locality  and  position. — Nebraska  City,  division  C.  It  also  occurs  at 
different  horizons  in  the  Coal-Measures  of  Illinois. 

Genus  SOLENOPSIS,  McCoy. 

SOLENOPSIS  SOLENOIDES,  GciuitZ,  Sp. 

PI.  X,  Fig.  3. 

C^idophonts  9olenaide8f  Geinitz,  1866,  Carb.  nnd  Dyas  in  Neb.,  p.  25,  Tab.  U,  Fig.  7. 

Shell  small,  rather  compressed,  elongated,  the  length  being  about 
four  times  the  height,  narrowing  posteriorly ;  cardinal  margin  nearly 
straight,  erect,  less  than  the  entire  length  of  the  valves,  with  a  faint 
external  compression  or  shallow  furrow  just  below  it;  basal  margin 
broadly  convex  in  outline,  the  most  prominent  part  being  in  advance 
of  the  middle ;  posterior  extremity  very  narrow,  and  faintly  subtrun- 
cate ;  beaks  much  depressed  and  compressed,  or  scarcely  distinct  from 
the  cardinal  margin,  placed  within  about  one-eighth  the  entire  length 
of  the  shell  from  the  anterior  extremity,  and  defined  in  front  by  a  short 
vertical  indentation ;  anterior  side  narrowly  rounded,  or  with  the  upper 
8ide  sometimes  faintly  truncated,  with  slight  slope  from  the  little  inden- 
tation forward  ,•  surface  with  very  fine,  regular  striae  of  growth,  which 
are  nearly  or  quite  obsolete,  excepting  on  the  lower  half  of  the  valves. 

Length  of  one  of  the  largest  specimens,  0.60  inch ;  height,  0.15  inch ; 
convexity,  about  0.06  inch. 

I  have  not  seen  the  hinge  of  this  shell,  but,  from  its  external  characters. 
I  can  scarcely  doubt  that  it  really  belongs  to  the  genus  Solenopsis.  All 
the  specimens  I  have  examined,  show  an  indentation  just  in  advance  of 
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the  beaks,  somewhat  like  that  left  on  internal  casts  of  Pleurophom  by 
the  internal  ridge ;  but  so  far  as  I  have  been  able  to  see,  there  would 
seem  to  be  no  impressions  of  long  posterior  lateral  teeth  like  those  of 
that  genus,  left  in  the  matrix.  Casts  of  the  exterior^  showing  the  finest 
lines  of  growth  quite  distinctly,  indicate  that  the  little  indentation 
alluded  to  in  front  of  the  beaks  mn«t  be  impressed  on  the  out«ide  of 
the  shell,  though  it  doubtless  also  corresponds  to  an  internal  ridge. 

Compared  with  S.  minovy  Professor  McCoy,  the  type  of  the  genus 
SolenopsiSj  the  form  here  under  consideration,  seems  only  to  differ  spe- 
cifically in  being  more  attenuated  and  less  distinctly  truncated  poste- 
riorly. Among  American  species,  it  is  most  nearly  related  to  Solen 
scalpriformis  of  Winchell,  from  the  oldest  division  of  the  Carboniferous 
system  in  this  country.  Professor  Winchell's  species  is  larger,  however, 
and  agrees  more  nearly  in  form  with  Professor  McCoy's  type.  I  think 
these  shells  are  all  congeneric. 

Locality  and  position. — Division  C  of  the  !N^ebraska  City  section.  I 
have  not  seen  it  from  any  other  locality  or  position  in  Nebraska,  but  it 
occurs  in  a  lower  position  in  the  Coal-Measures  of  Illinois. 

GASTEROPODA,  Cuvier. 

Genus  DENTALIUM,  Linnaeus. 

Dentalktm  MEEKLiNUM,  Gcinitz. 

PI.  XI,  Fig.  16  a,  6. 

Dentalium  Meekianunij  Geinitz,  1866,  Carb.  und  Dyas  in  Neb.,  p.  13,  Tab.  1,  Fig.  20. 
Compare  D.  ingens,  de  Eon.,  1844,  Ad.  Foss.,  p.  317,  PI.  XXII,  Fig.  2. 

I  have  preferred  to  copy  Professor  Gemitz's  figure  of  this  species  to 
figuring  the  only  Nebraska  specimen  I  have  seen  of  it,  because  the  latter 
is  distorted  and  does  not  show  the  surface  markings.  From  Professor 
Geinitz's  figure,  and  the  specimen  alluded  to,  it  is  evident  that  the  shell 
varied  from  0.(K)  to  0.75  inch  in  length ;  is  moderately  curved,  and  increases 
rather  rapidly  in  size  from  the  smaller  to  the  larger  end,  the  aperture 
being  nearly  or  quite  circular.  His  figure  shows  that  it  has  no  longi- 
tudinal strise,  and  its  lines  of  growth  to  be  fine,  moderately  distinct, 
and  passing  very  obliquely  around,  with  at  regular  intervals,  a  deeper 
sulcus.  These  lines,  and  occasional  deeper  grooves,  are  represented  in 
his  figure,  apparently  as  if  they  passed  spirally  around;  this,  however, 
is  certainly  incorrect. 

This  species  is  evidently  closely  allied  to  D.  ingenSj  de  Kon.,  from  the 
Carboniferous  rocks  of  Belgium,  from  which  it  seems  to  differ  only  in  its 
smaller  size. 

Locality  and  position. — Nebraska  City  bed  G,  of  the  section  at  that 
place.    It  also  occurs  near  the  middle  of  the  Goal-Measures  of  Illinois. 

Genus  BELLEROPHON,  Monfort 
Bellerophon  cabbonabius,  Cox. 

PI.  IV,  Fig.  16 ;  PI.  XI,  11,  a,  6,  c. 

BdUn^hm  Uriiy  Norwood  and  Pratten,  1865,  Joar.  Acad.  Nat.  Sci.  Philad.,  VoL  m, 
second  series,  p.  75,  Pi.  IX,  Fig.  6  a,  5,  c  ;  (not  Fleming,  1828). 

carhonarius.  Cox,  1857,  Kentucky  Geol.  Keport,  Vol.  Ill,  p.  562 ;  Dana's  Man. 

GeoL,  p.  349,  Fig.  598. 

Blaneyanusj  McChesney,  1860,  New  Paleozoic  Fossils,  p.  60 ;  and  1865,  PL  2,  Fig.  5j 

illustrations  of  same. 

carbonariuB,  G«initz,  1866,  Carb.  und  Dyas  in  Nebraska,  p.  6,  Tab.  1,  Fig.  8. 


Shell  globose,  broadly  rounded  over  the  dorsum ;  umbilical  impres- 
sions  very  smail  or  closed.     Aperture  transversely  sublunate,  much 
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vider  than  high,  and  strongly  arched,  but  not  expanding  more  rapidly 
than  the  uniform  increase  in  the  size  of  the  volutions  j  inner  lip  nearly 
wanting  or  little  developed ;  outer  lip  moderately  thick  near  the  um- 
bilicus on  each  side,  but  thinner  between;  sinus  shallow  and  rounded, 
its  band  obscure  or  scarcely  visible  on  the  costated  part  of  the  outer 
whorl,  sometimes  a  little  concave,  or  with,  on  each  side,  traces  of  a  faintly 
marked  ridge  on  the  smooth  part  of  the  outer  volution  ;  surface,  ex- 
cepting on  the  terminal  half  or  third  of  the  body  whorl,  ornamented  with 
about  eighteen  to  twenty-five  simple,  rather  distinct,  revolving  raiser 
lines  or  costxe,  some  two  or  three  of  wjiich  are  usually  a  little  smalle> 
and  closer  together  on  the  mesial  band  than  the  others,  while  a  few  o 
these  near  the  umbilicus  on  each  side,  just  at  the  commencement 
of  the  smooth  part  of  the  outer  whorl,  are  broken  up  into  little  elon- 
gated, oblique,  node-like  prominences ;  lines  of  growth  obsolete. 

Transverse  and  longitudinal  diameters  (of  a  medium-sized  specimen), 
each  0.56  inch. 

This  shell  is  V'ery  nearly  related  to  B,  JJrii  of  Fleming,  and  if  it  is 
possible  that  some  slight  details  in  the  ornamentation  of  that  species  have 
been  overlooked  by  those  who  have  figured  and  described  it,  our  shell 
may  possibly  not  be  distinct.  As  remarked  by  Professor  Cox  and  Pro- 
fessor McChesney,  the  B.  carhonarim  differs  from  the  published  figures 
and  descriptions  of  B.  Urii  in  having  about  thirteen  to  eighteen  costae 
less,  and  in  having  a  few  of  those  on  each  side  of  the  outer  whorl,  as 
stated  above,  near  the  umbilicus,  broken  up  into  little  oblique,  elongated 
ridges  or  interupted  lines. 

iMality  and  position. — This  species  is  widely  distributed  and  has  a  con- 
siderable vertical  range  in  the  Coal -Measures  of  the  West.  The  speci- 
men here  figured  on  PI.  XI,  was  collected  from  division  C  of  the  section 
at  Nebraska  City,  included  by  Professors  Marcon  and  Geinitz  in  their 
Upper  Dyas.  We  also  have  it  from  Mr.  Morton's  shaft,  near  Nebraska 
City,  and  from  division  B  at  that  place,  as  well  as  from  two  miles  and 
threetourths  west  of  Nebraska  City,  and  numerous  other  places  in 
Nebraska,  at  different  horizons  in  the  Coal  Measures.  In  Iowa,  Kansas, 
Missouri,  Illinois,  Kentucky,  and  portions  of  Southwestern  Indiana,  it  is 
a  common  Coal-Measure  species.  I  ha\'e  also  identified  it  from  the 
Lower  CoalMeasures  of  West  Virginia,  among  collections  sent  by  Pro- 
fessor J.  J.  Stevenson,  of  Morgantown. 

Bellerophon  Montfortianus,  N.  &  P. 
PL  XI,  Fig.  15 ;  and  12! 

Mertmhon  Montfortianus,  Norwood  &  Pratten,  1855,  Jour.  Acad.  Nat.  Sci.,  Philad.,  Vol. 
Ill,  sec.  ser.,  p.  74,  PI.  IX,  Fig.  5  a,  h,  c. ;  GeiDitz,  1866,  Carb.  and  Dyos  in  Neb., 
p.  8,  Tab.  1,  Fig.  13. 

Sliell  with  inner  volutions  comparatively  small;  outer  one  greatly  ex- 
panded at  the  aperture,  both  in  length  and  breadth ;  umbilicus  very 
small  or  closed ;  ai)erture  large  and  transversely  reniform ;  sinus  of  lip 
narrow  and  moderately  deep,  its  baud  narrow,  well  defined,  and  a  little 
raised  in  the  middle  of  a  rather  deep,  wide  sulcus;  outer  lip  thin  and 
i"ounded  in  outline  on  each  side  of  the  sinus,  but  more  or  less  thickened 
p^ar  the  umbilicus ;  inner  lip  callous,  particularly  in  the  middle,  where 
it  often  swells  out  in  the  form  of  a  large  prominent  node  in  old  speci- 
Diens;  surfivce  beautifully  ornamented  with  two  sets  of  raised  longitudi- 
nal lines,  the  larger  being  usually  with  several  of  the  smaller  between; 
crossing  all  of  these,  there  are  numerous,  much  more  regular,  crowded, 
verj'  fine  striae,  which  curve  gracefully  as  they  cross  th^  dotaaYb^w^*, 

H.  Ex.  19 15 
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on  the  expanded  portion  of  the  outer  volution,  the  larger  longitudim 
lines  increase  in  size,  and  become  more  spread  out;  that  portion  of  tl 
body  volution  not  expanded,  and  the  inner  whorls  are  also  omamente 
by  large,  somewhat  interrupted  transverse  ridges,  extending  from  nes 
the  dorsal  band  to  the  umbilical  region  on  each  siae ;  the  finer  markinj 
already  mentioned  being  defined  on  these  ridges  as  on  other  parte  of  ti 
surface. 

Our  specimens  are  too  much  broken  and  distorted  to  afford  accara 
measurements.  One,  however,  shows  that  the  aperture  was  not  le 
than  1.13  inches  in  breadth,  while  the  body  whorl,  just  at  the  co 
mencement  of  the  expansion,  id  not  more  than  0.45  inch  across  in  t 
same  direction. 

This  beautiful  species  is  remarkable  for  the  great  expansion  of 
aperture  in  proportion  to  the  size  of  the  inner  whorls  composing  t 
body  of  the  shell.  It  is  very  rarely  the  case  that  specimens  are  foo 
with  the  expanded  part  of  the  outer  volution  entire,  and  it  was  dou 
less  from  this  reason  that  my  friends  Korwood  and  Pratten  suppos 
the  lip  to  be  probably  without  the  usual  dorsal  sinus,  not  having  s€ 
any  specimens  with  the  lip  entire. 

The  figure  I  have  given  was  drawn  from  an  artificial  cast  made  ii 
mould  left  in  the  fine  clay  matrix,  so  sharply  defined  as  to  show  the  nu 
minute  surface-markings.  I  also  have  before  me  several  natural  ca 
of  the  body  part  of  the  shell,  more  or  less  distorted,  such  as  that  figoi 
by  Professor  Geinitz.  From  all  of  these  specimens  I  am  inclined 
suspect  that  the  enlarged  figure,  14,  given  by  Professor  Geinitz 
plate,  1,  of  his  Garb.  undDyas  (Fig.  12  of  our  PI.  XI),  of  the  expand 
part  of  a  shell  he  refers  to  Belleraphon  interlineatus,  Portlock,  may 
long  to  the  species  under  consideration.  It  certainly  agrees  well  w 
the  expanded  portion  of  B,  Montfortianus  in  surface-markings,  tl 
part  of  this  species  being  entirely  destitute  of  the  large  trausve 
ridges  seen  on  other  parts  of  the  shell;  while  the  longitudinal  line^ 
costsd  spread  out  there  and  always  show  from  two  to  three  or  four  fi 
lines  between  each  two  of  the  larger,  which  are  here  increased  in  si 
His  specimen  evidently  has  the  margin  of  the  lip  broken  away  so  as 
to  show  the  sinus. 

Locality  and  position. — ^The  specimen  figured,  and  some  seven  or  ei 
other  imperfect  examples,  were  obtained  from  bed  0  of  the  Kebra 
City  section,  at  that  place.  It  also  occurs  there  in  bed  B,  and  at 
merous  other  places  in  Nebraska,  Kansas,  Iowa,  Missouri,  Illinois,  I 
at  various  positions  in  the  Coal-Measures.  Professor  Stevenson  s 
found  it  associated  with  the  last  in  the  Lower  Coal-Measures  of  W 
Virginia. 

Bellebophon  Mabgoulintjs,  Geinitz. 

PL  IV,  Fig.  17 ;  and  pi.  XI,  Fig.  13  a,  b. 

BeUerophan  Maroamanue,  Geinitz,  1866,  Garb,  und  Dyas  in  Neb.,  p.  7,  Tab.  1,  Fig.  15 

The  specimens  of  this  species  yet  known,  either  in  the  collections  i 
under  investigation  or -among  those  obtained  by  Professor  Man 
are  too  imperfect  to  give  a  correct  idea  of  its  characters.  It  is  eviden 
however,  one  of  those  rapidly  expanding  species,  with  a  very  small  b 
and  a  greatly  dilated  mouth,  like  B.  Montfortianus  and  B.  percarina 
Conrad.  Yet  it  differs  fr*om  these  distinctly,  in  having  no  transv< 
ridges  or  nodes,  and  in  being  marked  with  exceedingly  fine,  regn 
longitudinal  striie.  It  also  shows  very  minute  lines  of  growth,  which 
crossing  the  band,  bend  backward  so  as  to  indicate  a  rather  shal 
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ginus.  The  band  forms  a  moderately  prominent  ridge,  which,  however, 
is  not  so  abruptly  raised,  nor  so  roughened  by  the  crossing  of  the  marks 
of  growth,  in  the  specimens  I  have  seen,  as  in  that  figured  by  Professor 
Geinitz  The  longitudinal  lines  are  extremely  minute,  and  closely 
crowded  on  the  band ;  and  the  umbilicus  seems  to  be  open. 

Specimens  with  the  lip  entire  may  have  attained  a  diameter  of  one 
inch. 

Locality  and  position. — ^Nebraska  City,  division  C,  of  the  section  seen  at 
that  place;  likewise  from  Morton's  shaft  one  mile  and  three-fourths  west 
of  there.  Internal  casts  of  a  form  probably  identical  with  this  also  oc- 
cur in  the  Upper  Goal-Measures  of  Union  County,  Iowa,  and  at  the  same 
horizon  in  Kansas.  It  likewise  occurs  in  the  Coal-Measures  of  Illinois ; 
and  1  think  I  have  seen  imperfect  specimens  of  it  among  Professor  Ste- 
vens's collections  from  the  Lower  Coal-Measures  of  West  Virginia. 

Bellebophon  peroabinatus,  Conrad. 

PL  XI,  Fig.  14. 

B^implim  peroarinatus,  Conrad,  1842,  Joor.  Acad.  Nat.  Sci.,  Philad.,  Vol.  VIII,  PI.  16, 
Fig.  5 ;  Norwood  &  Pratten,  1854,  Jour.  Acad.  Nat.  ttci.,  Philad.,  Vol.  Ill,  new 
series,  p.  74,  PI.  IX,  Fig.  4. 

Of  this  species  we  have  but  a  single  distorted  fragment,  though  it  is 
quite  sufficient  to  show  its  identity  with  the  shell  from  the  Illinois  Coal- 
Measnre,  and  the  same  horizon  at  other  western  localities,  usually  re- 
ferred to  Mr.  Conrad's  B,  percarinatm.  Mr.  Conrad's  species  was  origi- 
nally described  from  Western  Pennsylvania,  where  it  was  found  associated 
with  Pleurotomaria  sphcerulata  and  P.  tabulataj  Conrad,  which  are  also 
common  in  Illinois,  Missouri,  Iowa,  &c.  Mr.  Conrad's  type  specimen  was 
probably  distorted  by  lateral  pressure,  so  as  to  make  its  mesial  ridge 
more  prominent  than  is  natural  in  the  western  specimens.  At  any  rate,  I 
cannot  think  this  a  specific  difference,  since  specimens  from  West  Vir- 
ginia agree  well  in  this  character  with  those  found  farther  westward. 

A8  known  in  the  West,  the  shell  under  consideration  is  of  medium,  or 
rather  above  medium  size,  expands  very  rapidly  at  the  aperture,  which 
seems  to  have  been  much  like  that  of  B,  Montfortianus.  K.  &  P.  Its 
nmbilicus  is  closed  by  the  rapid  expansion  of  the  body  wnorl;  while  its 
dorsal  side,  which  is  somewhat  rounded,  has  three  longitudinal  nodose 
ridges,  the  middle  one  of  which  is  the  most  prominent,  the  nodes  being 
at  the  points  where  a  series  of  transverse  costse,  or  ridges,  cross  over 
the  dorsum  from  one  umbilicus  to  the  other.  It  seems  to  be  otherwise 
only  marked  by  small  lines  of  growth. 

Locality  and  position. — ^The  specimen  figured  on  PI.  XI,  Fig.  14,  is  from 
division  C  of  the  Nebraska  City  section.  We  also  have  it  from  Brown- 
ville  on  the  Missouri.  The  specimen  figured  by  Norwood  &  Pratten  is 
from  the  Upper  Coal-Measures  at  Gray  ville,  Illinois.  It  occurs  at  other 
localities  in  the  same  position  in  Illinois,  Iowa,  Missouri,  &c. ;  also  in 
the  Lower  Coal-Measures  of  West  Virginia. 

Genus  PLATYCERAS,  Conrad. 
Plattcebas  Nebbascensis,  Meek. 

PI.  IV,  Fig.  15  a,  h. 

Shell  rather  small,  very  obliquely  elongate-conical,  and  strongly 
curved  ;  ai>ex  free,  oblique,  somewhat  obtusely  pointed,  curved  vvud 
twisted  to  the  right  llooking  at  the  shell  with  the  apex  belunvV)  •,  a\)i^Y^- 


.  « 
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tare  subcircular  or  oval ;  lip  thin  and  sharp,  broadly  sinaoos  neaiiy 
under  the  apex  on  the  concave  side,  and  someti^les  provided  with  five 
or  six  smaller  sinuses  around  the  remaining  sides ;  surface  with  more 
or  less  distinct  marks  of  growth,  usually  strongly  undulated  parallelto 
the  sinuses,  and  inequalities  of  the  lip. 

Length,  0.88  inch ;  breadth,  0.66  inch. 

This  species  resembles  more  or  less  nearly  several  of  those  described 
from  difiereut  horizons  in  the  Western  States,  but  after  a  critical  com- 
parison I  have  been  unable  to  identify  it  with  any  of  them. 

Locality  and  position. — From  a  shaft  one  mile  and  three-fourths  west 
of  the  Nebraska  City  landing.  It  also  occurs  near  the  middle  of  the 
Illinois  Goal-Measures. 

Genus  MACROCHEILUS,  PhilUps. 

Macrocheilus  inteecalaris,  var.  pulchellus,  M.  &  W. 

PL  VI,  Fig.  8. 

MacrochciJua  inUrcalaris^  Meek  &  Worthen,  1860,  Proceed.  Acad.  Nat.  Sci.  Philod.,  p.  467; 

1808,  Geol.  Rep.  IH.,  Vol.  II,  p.  371,  PI.  31,  Fig.  6  a  6. 
puldu'lluSj  M.  &  H.,  1860,  ib. 

This  shell  agrees  closely  with  certain  forms  of  M.  intercaluriSj  M.  & 
W.,  from  the  Upper  Coal-Measures  of  Illinois,  particularly  with  the  form 
we  at  one  time  ])roposed  to  call  M.  pulchelluSj  which  differs  mainly  from 
the  typical  intercalaria  in  having  its  spire  a  little  more  elevated,  and  its 
whorls  slightly  more  convex.  This,  however,  I  do  not  now  regard  as  a 
specific  difference. 

Locality  and  position. — Two  miles  and  thre^-fourths  southwest  of  Ife 
braska  City.  An  imperfect  cast  of  apparently  a  larger  individual  o 
the  same  species  was  also  found  at  near  the  same  horizon  one  mile  an< 
three-fourths  west  of  Nebraska  City,  at  Hon.  J.  8.  Morton's  place.  TU 
original  typical  specimens  were  found  in  the  Upper  Coal-Measures  a 
Springfield,  Illinois.  I  have  also  seen  the  same  shell  in  a  small  collectia' 
belonging  to  Dr.  R.  P.  Stevens,  from  near  Pittsburg,  Pennsylvania, 
believe  I  have  also  seen  it  among  the  Lower  Coal-Measure  fossils  fix)i 
West  Virginia. 

Genus  ORTHONBMA,  M.  &  W, 

Oethonema  subt^niata,  Geinitz,  sp. 
PI.  XI,  Fig.  10. 

Murchisonia  suhtcsninta,  Geinitz,  1866,  Carb.  und  Dyas  in  Nebraska,  p.  12,  Tab.  1,  Fig.  1^ 
Orthonema  subUjeniatay  Meek,  1867,  Am.  Jour.  Sci.  &  Arte,  Vol.  XLIV,  second  series,  c 
178. 

Although  I  have  had  an  opportunity,  through  the  politeness  of  Di 
White,  to  examine  a  tine  specimen  of  this  neat  little  shell,  from  the  sam 
horizon  in  Western  Iowa,  I  have  yet  only  seen  imperfect  fragments  of  i 
from  Nebraska  City ;  consequently  I  have  preferred  to  give  a  cop 
of  Professor  Geinitz's  figure,  which  appears  to  be  an  accurate  repn 
sentation  of  a  perfect  specimen.  From  this  it  may  be  seen  to  be  a  ver 
small,  elongate-conical,  rathet  symmetrical  shell,  composed  of  eight  o 
nine  compactly  wound,  moderately  convex  whorls,  the  body  one  of  which  i 
ornamented  with  three,  and  those  of  the  spire  with  each  two,  revolvin 
linear  costae  or  ridges.  The  immediate  apex  is  a  little  obtuse,  the  si 
ture  well  defined,  and  the  lines  of  growth  minute,  or  scarcely  visibl 
withoat  the  aid  of  a  magnifier. 
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Professor  Geinitz  refers  this  little  shell  to  the  genus  Murchisonia,  bnt 
1  have  elsewhere  shown  that  it  possesses  neither  the  labial  sinus  nor  the 
revolving  band  of  that  genus,  but  that  it  belongs  to  the  genus  Ortho- 
uma  of  Meek  and  Worthen.  It  is  not  generally  the  case  that  fossil 
shells  of  this,  or  even  larger  sizes,  are  found  with  the  lip  sufficiently  well 
preserved  and  exposed  to  show  whether  it  was  provided  with  a  sinus  or 
not;  but  where  the  lines  of  growth  can  be  seen,  even  by  the  aid  of  a 
magnifier,  they  enable  us  at  once  to  decide  this  question,  for  in  the  ge- 
nera Murchisonia^  Pleurotamaria^  and  other  similar  types,  these  lines 
always  show  a  curve  corresponding  to  the  outline  of  the  sinus.  On  ex- 
amining the  specimen  of  this  species,  loaned  to  me  by  Dr.  White,  under 
a  lens  in  a  cross-light,  I  could  see  that  the  minute  lines  of  growth  show  no 
snch  curve  whatever,  and  that  there  is  no  spiral  band  corresiKjnding  to 
that  seen  in  Murchisonia.  Several  species  of  this  genus  from  the  Coal- 
Measures  of  Illinois  are  also  clearly  without  any  traces  of  either  sinus 
or  revolving  band. 

Specifically,  this  shell  seems  to  be  somewhat  related  to  0.  conica  of 
Meek  and  Worthen  (Proceed.  Acad.  Nat.  Sci.  Philad..  July,  1866,  p.  270), 
firom  the  Coal-Measures  of  Illinois.  It  is  readily  distinguished,  how- 
ever, by  its  more  convex  whorls,  deeper  suture,  -distinct  revolving  cos- 
i2dj  and  the  absence  of  a  prominent  angle  around  the  base  of  the  body 
vhorl. 

Locality  and  position. — ^Nebraska  City,  from  bed  C  of  the  section  at 
that  place ;  also  found  by  Dr.  White  at  near  the  same  horizon  in  West- 
ern Iowa. 

Genus  ACLIS,  Loven. 

Acus  SwALLOViANA,  Geinitz,  sp. 

PI.  XI,  Fig.  7  a,  b. 

MoniUa  (Loxanema)  SwaUowianaf  Geinitz,  1866,  Carb.  und  Dyae  in  Nebraska,  p.  5,  Tab 

1,  Fig.  19. 
Compare  TurHieXla  1 1  Stevenmna,  Meek  and  Worthen,  1866,  111.  Report,  Vol.  II,  p.  382,  PI. 

27,  Fig.  8 ;  also,  Aclis  minuto,  Stevens,  1858,  Am.  Jour.  Sci.,  Vol.  XXV,  p.  269; 

and  Murckiionia  minima,  SwaUow,  Trans.  8t.  Louis  Acad.,  Vol.  I,  p.  203. 

Shell  very  small,  subterete ;  volutions  about  seven,  increasing  very 
gradually  in  size ;  last  one  not  larger  in  proportion  to  the  gradual  in- 
crease in  the  size  of  the  shell  than  the  others,  all  with  a  slightly  flat- 
^ned,  outward  sloping  space  just  below  the  suture ;  surface  below 
the  flattened  upper  sloping  space  ornamented  with  comparatively  dis- 
tinct revolving  lines,  of  which  some  five  or  six  may  be  counted  on  the 
'wdy  whorl,  and  three  or  four  on  each  of  those  of  the  spire ;  lines  of 
growth  very  fine,  and  distinctly  sigmoid. 

Length,  0.15  inch ;  breadth,  about  0.07  inch :  angle  of  spire,  about  20°. 

I  have  some  doubts  in  regard  to  the  little  snell  represented  by  Fig.  7 
«being  specifically  identical  with  the  form  figured  by  Professor  Geinitz, 
sjnee  his  figure  represents  the  volutions  as  increasing  more  rapidly  in 
size,  so  as  to  make  the  angle  of  the  spire  near  10^  greater.  It  also  rep- 
resents the  body  whorl  as  being  more  produced  below,  and  shows  one 
or  two  more  of  the  revolving  lines  on  each  of  the  volutions  of  the  spire. 
In  its  general  appearance  it  is  more  like  the  Turritella^i  Stevensana,  M. 
&  W.,  though  its  spire  is  less  attenuate,  while  its  whorls  are  less  nume- 
rous, and  marked  by  a  smaller  number  of  revolving  lines.  Supposing 
Professor  Geinitz's  figure  to  be  exact,  I  should  think  the  form  it  repre- 
sents, that  represented  by  our  figure  7  a;  and  the  other  AeismXi^OL  feQ\si 


230        UNITED  STATES  GEOLOGICAL  SURVEY  OP 

the  Coal-Measores  of  Illinois,  may  possiibly  belong  to  three  digtinct 
species.  The  great  difficulty,  however,  of  presenting  enlarged  fignies  ot 
such  small  univalves  with  absolute  exactness,  is  such  as  to  leave  doubts 
on  this  point,  where  we  have  not  the  means  of  making  direct  compari- 
sons of  specimens. 

I  am  also  in  great  doubt  in  regard  to  the  generic  affinities  of  these 
little  shells,  and  have  elsewhere  shown  that  they  cannot  be  properly 
referred  to  the  recent  genus  Turhonilla^  on  account  of  their  distinct 
revolving  lines.*  The  revolving  markings  are  also  equally  an  objection 
to  placing  them  in  the  genus  Lox<mema.  It  is  very  probable  that  tiiey 
will  be  found  to  belong  to  an  undescribed  genus,  when  the  aperture,  lip^ 
columella,  &c.,  can  be  seen.  The  group  is  evidently  represented  by  two 
or  more  species  in  the  Coal-Measures  of  Illinois,  one  of  which  was 
described  as  an  Aclis  by  Dr.  Stevens  some  twelve  or  thirteen  years  since, 
and  I  even  think  it  very  probable  that  at  least  the  form  represented  by 
our  figure  7  a  may  be  the  same  species  described  by  Dr.  Stevens.  At 
any  rate,  it  agrees  with  an  Illinois  specimen  that  wa«  identified  with  his 
species,  on  comparison  by  a  competent  observer  with  his  typical  sped- 
men ;  yet  Dr.  Stevens  distinctly  states  that  his  species  has  twelve  of  the 
revolving  lines. 

Locality  and  position. — ^Nebraska  City,  bed  C  of  the  section  taken 
there. 

Genus  STEAPAEOLLPS,  Montfort 

Steaparollus  (Euomphalus)  bugosus,  Hall. 

PI.  VI,  Fig.  5  a,  6  ;  and  PI.  XI,  Fig.  4  a,  h. 

Euomphahis  rugo8UB,  HaU,  1858,  Iowa  Geol.  Report,  Vol  I,  Part  II,  p.  722,  PI.  XXIX,  Fig. 

14  a,  6,  c  ;   (not  E.  rugosusy  Sowerby,  1847). 
Serpula  (Spirorbis)  planorUtes,  G^initz,  1866,  Garb,  und  Dyas  in  Nebraska,  p.  3,  Tab.  1} 

f.  6;  (not  of  Mttnster). 

Shell  small,  planorbicular,  with  upper  side  concave  (viewing  it  aB 
dextral),  and  the  lower  nearly  flat,  or  slightly  concave  5  sometimes  witb^ 
both  sides  nearly  equally  concave  5  volutions  four  or  five,  increasing 
rather  gradually  in  size,  not  embracing,  and  all  exposed  both  abov^ 
and  below ;  all  obliquely  flattened  on  the  periphery  with  a  narrew  ridg^ 
or  angle  around  the  lower  edge,  and  flattened  below ;  while  on  the  upp^^^ 
side  they  slope  rather  abruptly  inward  from  another  angle  around  th^ 
upper  outer  edge,  thus  giving  an  irregular  subquadrangular  outline  tcr^ 
the  transverse  section;  aperture  subcircular  or  a  little  oval  within f 
surface  with  rather  strong  marks  of  growth  that  impart  a  rough,  or 
sometimes  slightly  nodular  appearance,  to  the  ridge  or  angle  around  the 
lower  outer  edge  of  the  periphery. 

Breadth  of  a  medium-sized  specimen,  0.54  inch ;  thickness  or  height 
of  same,  0.16  inch.  Specimens  are  sometimes  found,  however,  of  double 
these  dimensions. 

As  in  many  other  cases,  I  am  compelled  to  differ  with  Professor 
Geinitz,  not  only  in  regard  to  this  shell  being  identical  with  Spirorhis 
planorbites  of  the  Europian  Permian,  but  in  regard  to  its  being  a  Spirorbis 
at  all.  On  the  contrary,  it  appears  to  me  to  be  a  mollusk,  very  closely 
allied  to  Euomphalusj  if  not  really  belonging  to  that  group.  The  reasons 
for  this  opinion  are,  that,  although  a  very  common  and  widely  distributed 
shell  in  our  Coal-Measures  (being  often  so  abundant  that  hundreds  of 
specimens  may  be  picked  up  sometimes  in  an  hour  or  so  at  a  single 

*  Am.  Jour.  Sci.  and  Arta,  VoL  XLIV,  p.  171,  1867. 
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locality),  not  a  single  one  has  ever  been  found,  so  far  as  known  to  the 
'Writer,  attached  by  the  growth  of  the  shell  to  any  foreign  body.  Nor 
liave  I  ever  seen,  amoDg  thousands  of  specimens,  a  single  one  showing 
any  scar  or  mark  of  adhesion  on  either  side.  In  addition  to  this,  we 
now  know,  from  the  same  horizon  in  Illinois,  several  allied  species  that 
no  one  would  think  of  placing  in  any  other  genus,  some  of  which  are 
nearly  as  large  as  E.  pentangulatusj  and  really  connect  the  form  under 
consideration  generically  with  that  shell  almost  beyond  doubt. 

In  order  that  this  shell  may  be  more  readily  compared  with  Spirorhls 
planarbitesj  as  illustrated  by  Professor  Geinitz  in  his  large  work  on  the 
German  Permian  fossils,  I  have  copied  his  figures  on  our  plate  YI.    By 
comparing  these  figures  with  those  of  the  shell  under  consideration  the 
differences  of  form  will  be  at  once  apparent,  especially  on  comparing  our 
figures  5  a,  5,  of  the  American  shell  with  Fig.  16,  a  &  e  (2,  copied  from  the 
European  form.    From  these  it  will  be  seen  that  instead  of  having  the 
dorsal  or  outer  side  of  its  whorls  obliquely  flattened,  as  in  the  Ameri- 
can shell,  these  figures  show  it  to  be  narrowly  rounded  or  subangular 
in  the  middle,  and  the  whole  outline  of  the  transverse  section  of  the 
whorls  entirely  different,  while  our  shell  is  remarkably  constant  in  this 
and  nearly  all  of  its  characters.    If  required  to  select  from  the  known 
European  species  the  form  most  nearly  allied  to  our  shell,  I  would  at 
once  compare  it  with  Euomplialm  quadratm  of  McCoy,  from  the  Carbon- 
iferous rocks  of  Ireland.    By  a  glance  at  our  figure  17,  representing  the 
last-mentioned  species,  it  will  be  seen  to  be  really  nearly  allied  to 
the  form  under  consideration,  but  still  distinct  specifically. 

Professor  Geinitz  cites  Spirorhis  permianus  and  8.  helix  of  King  (see 
our  figures  15  a,  &,  same  plate,  after  Professor  King)  as  synonyms  of 
S.planorbites^  which  would  make  these,  according  to  his  views,  also  the 
ss»ne  as  that  here  described.    To  me,  however,  the  last-mentioned  forms 
seem  to  be  clearly  distinct,  not  only  from  the  American  form,  but  from 
the  (rerman  specimens  figured  by  Professor  Geinitz  as  8.  planortiteSj 
though  the  foreign  species  both  doubtless  belong  to  the  genus  Spirorhis. 
Locality  and  position. — ^The  specimens  figured  on  PL  XI  came  from 
division  C  of  the  Nebraska  City  section,  at  that  place.    That  represented 
on  PI.  VI  was  found  in  division  B  of  the  same  locality.    We  also  found 
.  it  at  Bock  Bluff  and  Aspinwall,  on  the  Missouri,  as  well  as  at  Cedar 
Blaff.    It  is  common  in  the  Coal-Measures  of  Kansas,  Missouri,  Iowa, 
and  Illinois;  being  found  both  in  the  Upper  and  Lower  Coal-Measures 
of  the  latter  State,  and  it  likewise  occurs  in  the  Lower  Coal-Measures 
of  West  Virginia.    It  may  also  have  been  this  species  that  Conrad  de- 
scribed long  back,  from  the  Coal-Measures  of  Western  Pennsylvania, 
under  the  name  Incu:hus  catiltoides.  as  it  resembles  his  figure  nearly, 
tliough  it  does  not  agree  so  well  witn  his  description. 

Genus  PLEUEOTOMAEIA,  Defrance. 

Pleubotomabia  Haydeniana,  Geinitz. 

'      PI.  XI,  Fig.  5. 

^^roUmusria  Haydenianay  Geinitz,  1866,  Carb.  nnd  Dyas  in  Neb.,  p.  11,  Tab.  Fig.  15. 

Of  this  little  shell  I  have  seen  but  a  single  specimeu,  and  in  endear 
coring  to  clear  it  of  the  adhering  matrix,  it  was  broken  to  fragments. 
I  have,  therefore,  no  means  of  characterizing  it,  and  merely  reproduce 
Professor  Geiuitz's  figure. 

Locality  and  position. — ^Division  0  of  the  Nebraska  City  ^c\\o\i. 
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Pleurotomabia  pkkhumebosa,  Meek. 

PI.  IV.  Fig.  13  a,  b. 

Shell  subovate,  not  umbilicate;  spire  and  aperture  of  nearly  equal 
length ;  volutions  about  five  and  a  half,  increasing  rather  rapidly  in  size 
from  the  apex,  last  one  comparatively  large,  and  somewhat  produced 
below,  all  convex,  distinctly  angular  and  shouldered,  with  a  shallow, 
revolving  impression  on  the  outer  vertical  side  just  below  the  shoulder; 
upper  side  flattened  and  sloping  a  little  outward  from  the  suture  to  the 
nearly  rectangular  shoulder;  suture  well  defined  by  the  convexity  of  the 
whorls,  but  not  channeled ;  aperture  rather  large,  oval  or  a  little  highei 
than  wide,  rather  narrowly  rounded  below,  and  somewhat  angular  on  th( 
upper  outer  side  at  the  termination  of  the  shoulder  of  the  body  whorl 
sinus  of  the  lip  shallow  and  comparatively  wide,  placed  just  above  thi 
termination  of  the  shoulder;  its  revolving  band  obscure,  being  neithe 
impressed,  raised,  nor  bounded  by  lines,  extending  from  the  sinus  c 
the  lip  around  the  outer  margin  of  the  upper  sloping  flattened  side  ( 
the  whorls,  near  the  angle;  surface  usually  appearing  nearly  smootl 
but  showing  small  lines  of  growth  under  a  magnifier,  and  a  few  obscm 
coarser  revolving  lines  below  the  shoulder  on  the  body  whorl. 

Length  of  largest  specimen  seen,  0.68  inch ;  breadth  of  same,  0.50  incl 
angle  of  spire,  57°  to  65^. 

I  am  not  acquainted  with  any  species  very  closely  allied  to  this,  tha« 
most  nearly  resembling  it  in  form  being  marked  by  more  distinct  revoh 
ing  lines.  Its  most  obvious  charaeters  are  its  nearly  smooth  surface 
obscurely  defined  labial  sinus  and  revolving  band,  with  very  distinetl 
shouldered  whorls. 

Locality  and  position. — One  mile  and  three-fourths  west  of  Nebrask 
City,  from  a  shaft  sunk  on  Hon.  J.  Sterling  Morton's  place ;  also  quit 
abudant  at  ftulo,  Kansas,  in  Upper  Coal-Measures.  It  also  occurs  i 
the  Coal-Measures  of  Illinois. 

Pleurotomabia  inornata,  Meek. 

PI.  IV,  Fig.  14. 

Shell  elongate,  subovate,  not  umbilicate;  spire  elevated,  conica 
nearly  twice  as  high  as  the  aperture;  volutions  seven,  iucreasiu 
gradually  in  size,  very  convex  and  rounded,  with  a  faint  angle  a  litt 
above  the  middle,  which  becomes  more  distinct  on  the  upper  tumi 
last  one  not  much  enlarged,  nor  extended  much  below ;  suture  w€ 
defined  by  the  convexity  of  the  whorls ;  aperture  oval,  being  a  litt 
longer  than  wide ;  sinus  of  the  lip  broad,  shallow,  and  placed  jui 
above  the  angle,  from  which  point  its  flat  spiral  band  revolves  immecl 
diately  above  the  angle  on  all  the  whorls,  without  being  elevated  or  d 
pressed  above  the  surface,  or  otherwise  strongly  defined ;  8urfa< 
marked  with  fine,  moderately  distinct  lines  of  growth,  and  vei 
obscure  traces  of  a  few  revolving  lines  below  the  angle  of  the  whorls. 
Length,  0.73  inch ;  breadth,  0.41  inch ;  angle  of  spire,  about  45° 
I  am  not  acquainted  with  any  species  very  closely  allied  to  this.  I 
some  respects  it  is  related  to  the  last ;  particularly  in  having  bi 
very  faint  traces  of  revolving  markings,  and  in  the  position  of  it«  sini 
and  band  just  above  the  angle  of  its  whorls,  as  well  as  in  the  shallow 
ness  of  its  sinus,  and  the  obscurity  of  its  band.  It  will  be  at  once  di 
tinguished,  how^ever,  by  its  more  slender  form,  more  rounded  whorl 
and  their  much  more  obscure  angle,  which  becomes  nearly  obsolete  c 
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the  body  volution.    It  is  a  rather  slender  elongated  form  for  a  species 
of  this  genus,  thus  approaching  the  genus  Murchisania. 

Locality  and  position. — From  Mr.  Morton's  shaft,  one  mile  and 
three-fourths  west  of  Nebraska  City,  where  it  was  found  associated 
with  the  }ast,  in  a  bed  of  clay. 

Pleurotomaria  Grayvillensis,  K  &  p. 

PI.  XI,  Fig.  9. 

Pktrotimana  Grayvilltnsis,  Norwood  &  Pratteu,  1855,  Jonr.  Acad.  Nat.  Sci.,  Philad., 
Vol.  Ill,  second  series,  p.  75,  PI.  IX,  Fig.  7 ;  Geinitz,  1866,  Carbonform.  aud  Dyas 
in  Nebraska,  p.  9,  Tab.  I,  Fig.  9. 

!Not  having  succeeded  in  finding  specimens  of  the  shell  figured  by 
Professor  Geinitz  under  this  name,  at  any  of  the  Nebraska  localities,  I 
have  merely  reproduced  his  figure.  In  size,  form,  and  general  appear- 
ance, a^  well  as  in  the  nature  and  position  of  its  spiral  band,  it  agrees 
well  with  authentic  examples  of  P.  Orayvillemis,  now  before  me  from 
the  Coal-Measures  of  Illinois.  In  one  respect,  however,  if  carefully 
drawn,  it  would  seem  to  differ  slightly ;  that  is,  in  having  its  revolv- 
ing 8tri»  of  uniform  size,  instead  of  consisting  of  a  series  of  nather 
distant  larger  ones,  with  from  about  two  to  four  very  small  ones 
between  each  two  of  the  former.  This,  however,  is  a  character  in 
which  shells  of  this  kind  often  vary,  and  one  that  might  be  overlooked 
in  specimens  not  showing  the  surface-marking  very  clearly. 

Locality  and  position. — Nebraska  City,  from  the  upper  part  of  division 
C  of  the  section  exposed  there.  The  P.  Grayvillensis  is  widely  dis- 
tributed in  the  Upper  Coal-Measures  of  Illinois,  Kentucky,  Iowa,  Mis- 
souri, Kansas,  &c.  It  occurs  in  both  the  Upper  and  Lower  Coal-Measures 
of  lUiuois,  and  in  the  Lower  Goal-Measures  of  West  Virginia. 

.  Pleueotomabia  Marcouiana,  Geinitz. 

PI.  XI,  Fig.  8. 

^l^iarofomaria  MaroouianOy  Geinitz,  1866,  Carbonform.  und  Dyas  in  Nebraska,  p.  10, 
Tab.  1,  Fig.  10. 

Having  obtained  no  specimens  of  this  shell  in  a  condition  to  be  drawn, 
^  have  carefully  copied  the  figure  given  by  Professor  Geinitz.  So  far 
^  this  figure  and  the  specimens  obtained  afibrd  the  means  of  compari- 
^^^  I  am  inclined  to  regard  it  as  a  good  species.  In  some  respects  it 
'^^^mbles  P.  Grayvillensis,  though  it  is  evidently  distinct. 

-locality  and  position. — Nebraska  City  landing,  from  the  upper  part  of 
^v^ision  C  of  the  section. 

Pleubotomaeia  subdecussata,  Geinitz. 

PI.  XI,  Fig.  19. 

Pleurotomaria  suhdecussataf  Geinitz,  1866,  Carbonform.  nnd  Dyas  in  Nebraska,  p.  10, 
Tab.  1,  Fig.  11. 

This  is  another  species  of  which  I  have  only  seen  very  imperfect  speci- 

^^lis,  and  hence  I  have  to  depend  almost  entirely  upon  Professor  Geinitz's 

figure  (copied  on  PI.  XI)  for  a  knowledge  of  its  characters.    It  be- 

^^*^»55^s  to  the  trochiform  section  of  the  genus,  including  P.  turhini/ormiSj 

M  and  W.,  P.  Riddelliy  Shumard,  and  P.  Missouriensis,  sp.  of  Swallow, 

J^\l  Irorii  the  Coal-Measures.    It  seems,  however,  to  be  distinct  from  all 

of  these,  being  very  much  smaller,  and  differing  in  the  details  of  its  sur- 

^iice-markings. 

Zocaiitj^  ar^ position. — Upper  part  division  C,  Nebraska  CVl^. 
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Genus  MUROHISONLA.,  de  VerneuiL 
MuECHisoNiA  Nebrascensis,  Geinitz. 

PL  XI,  Fig.  6. 

Murchisonia  N€hra9oen8is,  Geinitz,  1866,  Carbonform.  und  Dyas  in  Nebraska,  p.  12,  Tal». 
1,  Fig.  17. 

Of  tbis  little  shell  I  have  seen  no  examples,  and  consequently  only 
know  it  from  Professor  Geiuitz's  description  and  figure,  which  latter  I 
have  copied,  in  order  to  give  American  students  who  may  not  have 
access  to  his  work  the  means  of  identifying  it.  It  belongs  to  a  strongly 
carinated  section  of  the  genus  represented  by  several  species  (mainly 
undescribed)  in  our  Western  Coal-Measures. 

The  figure  does  not  show  the  characteristic  sinus  of  the  lip,  and  the 
revolving  band,  of  the  genus  Murchisonia  ;  but  from  the  general  appear- 
ance of  the  shell,  it  probably  belongs  to  that  genus. 

Locality  and  position. — Same  as  last. 

CEPHALOPODA. 

Genus  OETHOCERAS,  Auct 

Orthooeras  cribrosum,  Geinitz. 

PL  XI,  Fig.  18  a,  h. 

Orthooeras  crihrosumf  Geinitz,  1666,  Garb,  and  Dyas  in  Neb.,  p.  4,  Tab.  1,  Fig.  5. 

This  is  another  form  I  have  not  seen  from  the  Nebraska  rocks,  but  i 
is  common  in  the  Upper  Coal-Measures  of  Illinois,  and  also  found  i 
the  same  position  in  Iowa,  Missouri,  &c.,  and  in  the  Lower  Coal-Meaf 
ures  of  West  Virginia.  It  is  probably  identical  with  the  Upper  Coa] 
Measure  species,  0.  Knoxenscj  of  McChesney,  or  some  of  the  form 
described,  but  not  yet  figured,  by  Professor  Swallow,  from  the  sam< 
horizon,  unless  the  peculiar  surface-marking  illustrated  by  Professoi 
Geinitz  is  really  the  natural  surface  ornamentation  of  the  shell.  It  ii 
far  more  probable,  however,  that  the  pitting  seen  on  Professor  Gteinitz'i 
specimen  is  due  to  some  accidental  cause,  such  a  style  of  marking  beioj 
very  unusual  in  this  genus.        . 

In  the  Illinois  specimens  I  have  seen,  these  markingsare  nearly aJway 
on  one  side  only,  or  more  numeit)us  and  more  strongly  defined  on  one  sid 
than  the  other,  while  in  other  specimens  difi*ering  in  no  other  respect, 
could  see  no  traces  of  them.  From  these  facts  I  am  inclined  to  thini 
they  were  produced  by  some  minute  parasites,  or  boring  animals,  possi 
bly  oa  dead  shells,  as  they  were  lying  with  one  side  exposed  on  the  bol 
tom  of  the  sea. 

Locality  and  position, — ^Division  0  of  the  Nebraska  City  section ;  als 
Upper  and  Jjower  Coal-Measures  of  Illinois,  and  Lower  Coal-Measure 
of  West  Virginia. 

Genus  NAUTILUS,  Linn. 

Nautilus  occedentalis,  Swallow. 

PL  XI,  Fig.  17. 

Kautilus  occidenialiSj  Swallow,  1858^  Trans.  8t.  Lonis  Acad.  Sci.,  1,  p.  175. 

quadrangulariSy  McChesney,  1860,  Descriptions  New  Palieozoic  Fossils,  pp.  65  an 

66 ;  illnstratioDS  same,  1865,  PI.  Ill,  Fig.  5  a,  6. 
hiserialhy  Hall,  1860,  Supp.  to  Vol.  I,  part  II  of  Iowa  Geological  Report-,  p.  2. 

Although  we  have  but  the  mere  fragment  of  this  shell  from  Nebrask 
CJtjr^  Sgured  on  Plate  XI,  I  can  scarcely  euXfetlAm  1\\^  ali^htest  doul 
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in  regard  to  its  identity  with  the  form  described  by  Professor  Swallow, 
under  the  name  If.  oeddentalisj  and  by  Professor  McChesney  as  If.  quad- 
rangnlusj  as  well  as  that  described  by  Professor  Hall  as  N.  biseriaUs.    In 
this  conclusion  I  am  not  led  by  comparisons  of  descriptions  and  figures 
alone,  for  I  have  carefully  examined  Professor  Swallow's  typical  speci- 
men, and  have  before  me  good  tracings  taken  by  his  permission  from 
drawings  in  his  possession  of  the  same.    I  have  also  carefully  examined 
good  specimens  in  Mr.  Worthen's  collection  of  the  same  shell,  from  the 
game  locality  and  bed  from  which  Professor  McChesney's  types  were 
obtained. 

Like  other  nodose  Nautili,  Oaniatitea,  &c.,  this  shell  varies  conRider- 
ably  in  the  prominence  and  form  of  its  nodes,  in  different  individuals, 
as  well  as  often  in  the  same  individual  at  different  ages,  as  may  be  seen 
by  examining  the  different  volutions  of  the  same  shell  when  broken 
apart  This  is  fdso  illustrated  by  the  two  specimens  figured  by  Profes- 
sor McChesney.  Professor  Swallow's  type  is  an  internal  cast,  with  less 
prominent  nodes  than  either  of  those  figured  by  Professor  McChesney. 

Well-developed  specimens  of  this  species  are  discoid  in  form,  with  a 
moderately  wide,  shallow  umbilicus,  showjng  nearly  all  of  each  inner 
Yolation.  The  whorls  present  a  nearly  quadrangular  section,  the  sides 
and  periphery  being  more  or  less  flattened,  with  generally  a  slight 
concavity  around  the  middle  of  the  latter,  usually  there  are  six  rows 
of  nodes;  that  is,  one  row  of  small,  depressed  nodes  on  each  side  around 
the  nmbilicusy  another  larger  and  more  prominent  series  around  each 
lateral  angle  of  the  periphery,  and  two  others  on  the  periphery  or  outer 
side.  In  old  specimens  those  around  the  margins  of  the  umbilicus 
aw  often  obsolete,  or  nearly  so.  Generally  the  two  rows  around  the 
middle  of  the  periphery  are  smaller  and  less  prominent  than  those  on  the 
lateral  angles,  and  have  between  them  a  more  or  less  marked  mesial 
concavity,  or  furrow.  The  individual  nodes  of  these  two  rows  are- also 
nearly  always  alternately  arranged,  so  that  those  of  one  row  stand  op- 
posite the  intermediate  spaces  of  the  other.  In  some  cases,  however, 
these  two  mesial  rows  of  the  periphery  are  much  more  developed  than 
those  on  the  lateral  angles,  thus  giving  more  convexity  to  the  periphery 
than  where  they  are  smaller.  The  septa  are  moderately  closely  ar- 
ranged, with  a  backward  curve  on  the  sides  and  periphery  5  while  the 
sipliuncle  is  very  nearly  central. 

On  specimens  retaining  the  shell  int^tct,  very  fine,  regular  lines  of 
growth  are  seen,  which  cross  the  periphery  with  a  rather  deep,  graceful, 
l^kward  curve,  indicating  a  deep,  rounded  sinus  in  the  lip  on  the  outer 
side. 

I  am  not  aware  of  any  perfect  specimens  of  this  species  having  been 
found.  Those  figured  by  Professor  McChesney  are  not  entire  at  the 
^Pertnre,  and  measui^  about  2.50  inches  in  their  greatest  diameter,  and 
^hout  1.30  inches  in  thickness  or  convexity.  The  fragment  we  have 
^gnred  from  Nebraska  City  would  indicate  a  size  near  one-third  larger 
than  these. 

Locality  and  position. — Division  0  of  the  Nebraska  City  section.  We 
^^  saw  a  fragment  of  it  at  a  lower  position,  in  the  Coal-Measnres  at 
Bock  Bluflf.  Professor  Swallow's  type  was  found  in  the  valley  of  Cot- 
tonwood Creek,  Kansas,  in  beds  referred  by  him  to  the  Lower  Permian, 
^t  regarded  by  Dr.  Hayden  and  myself  as  Permo-carboniferous. 
McChesney 's  specimens  were  found  in  the  Upper  Coal-Measures  at  Gray- 
^ille,  Illinois,  and  Mr.  Worthen  has  it  from  the  same  horizon  at  La  Salle, 
Illinois.  1  have  likewise  seen  fragments  of  this  shell  in  a  small  collec- 
tion belonging  to  Dr.  StovenS;  from  the  Coal-Measurea  neai  YSXX^wx^^ 
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Pennsylvania,  and  I  suspect  that  some  of  the  fragments  found  by  P 
fessor  Stevenson  in  the  Lower  Goal-Measures  of  West  Virginia  m 
belong  to  the  same  species. 

Nautilus  ponderosus,  White,  M.  S. 

PI.  Ill,  Fig.  7  a,  h. 

Compare   Nautilus    IlUnoisensiSf    McChesney,    I860,    Descriptiona    New    Pal» 
Fossils,  p.  64;   also  2i,  tuberosuSy  McCoy,  1855,  Brit.  Pal.  Fobs.,  p.  562,  PL 
Fig.  15. 

Shell  attaining  a  large  size,  subdiscoidal ;  umbilicus  large,  or  n( 
equaling  the  dorso-veutral  dig^meter  of  the  outer  volution  near 
aperture ;  volutions  three,  enlarging  their  diameter  more  than  tl 
fold  each  turn ;  all  broader  transversely  than  dorso-ventrally ;  i 
ones  slightly  embracing,  while  the  last  one  is  apparently  merely  in 
tact  with  the  others  near  the  aperture ;  each  broadly  flattened  or  a 
concave  on  the  periphery,  and  (particularly  the  last  one)  somewhal 
tened  between  the  periphery  and  the  middle  of  each  side,  from  ^ 
point  the  sides  are  broadly  rounded  into  the  umbilicus,  the  greatest  t 
verse  diameter  being  near  the  middle ;  ventrolateral,  or  outer  a 
of  the  last  whorl  (in  somewhat  worn  casts)  each  provided  with  ob 
traces  of  about  twenty  wide,  undefined  nodes,  scarcely  perceptil 
the  eye;  septa  numerous,  rather  closely  arranged,  making  a  s 
backward  curve  on  each  side,  particularly  between  the  middle  an 
outer  angles,  and  crossing  the  broadly  flattened  dorsum  with  a  s 
backward  curve;  surface  with  distinct  lines  of  growth,  which  « 
strongly  backward  like  the  septa,  in  crossing  the  outer  side.  ( 
uncle  unknown). 

Greatest  diameter  of  a  specimen  retaining  apparently  about  one- 
of  the  outer  chamber,  12  inches ;  greatest  thickness  or  convexity 
inches ;  breadth  of  umbilicus,  3.75  inches ;  dorso- ventral  diamel 
the  body  whorl  at  the  widest  part,  3.90  inches.  Dr.  White's  type  i 
men,  now  in  the  Iowa  State  collection,  is  much  larger  than  that 
which  the  above  measurements  were  taken. 

This  shell  seems  to  be  nearly  related  to  JT.  Tuberaaua  of  McC< 
figured  in  his  British  Palaeozoic  Fossils,  but  differs  in  the  greater  < 
ventral  diameter  of  its  whorls,  which  also  increase  more  rapidly  ii 
The  nodes  of  it^  outer  angles  are  also  much  smaller  and  less  promj 
being  scarcely  perceptible  in  casts. 

I  am  in  some  doubt  in  regard  to  the  generic  relations  of  this  sp 
Tbe  propriety  of  placing  any  of  the  old  discoid  Nauiilij  with  a 
open  umbilicus,  and  distinctly  quadrangular  volutions,  in  the  sam 
tion  with  the  recent  typbical  Nautilus^  is  questionable. 

Professor  McChesney  has  not  figured  the  type  of  his  species,  A 
noisenskj  and  I  am,  consequently,  not  positively  sure  that  this  may  i 
the  same,  as  it  agrees  pretty  well  with  his  description,  while  I  hav< 
from  La  Salle  fragments  of  the  form  here  described. 

Locality  and  position, — Upper  Coal-Measures,  bed  Ko.  2  of  I 
mouth  section.  The  specimen  of  N.  Illinoisewns  described  by  Pro 
McChesney  was  found  at  apparently  near  the  same  horizon  o 
Coal-Measures  at  La  Salle,  Illinois.  The  fine  specimen  figured  o 
plate  was  obtained  by  Professor  Thomas  Egleston  from  the  I 
mouth  exposure,  and  loaned  to  me  for  study  and  illustration. 
White's  specimen  came  from  the  Upper  Coal-Measures  of  Iowa. 
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ARTICVI^ATA. 

CEUSTACE  A. 

Genus  CYTHERE,  Mttller. 
Ctthere  Nebrascensis,  Geinitz. 
PI.  XI,  Fig.  2 ;  and  3  a,  h.  ? 

Cilihm  Xehrascenais,  Geiuitz,  1866,  Carb.  iind  Dyas  in  Nobr.,  p.  2,  Tab.  1,  Fig.  2. 
Cudasl,  Geiuitz,  1866,  lb.  Fig.  3  and  4. 

Although  a  number  of  the  carapace- valves  of  these  little  Crustacea  are 
before  me  from  the  same  bed  in  which  those  figured  by  Professor  Geinitz 
under  these  names  were  obtained,  none  of  them  seem  to  agree  exactly 
with  his  figures,  though  w^e  undoubtedly  have  the  same  form  from 
near  the  middle  of  the  Upper  Coal-Measures  in  Union  County,  Iowa,  as 
well  as  of  that  he  has  referred  with  doubt  to  C.  cyclasy  Keyserling.  The 
latter  seems  to  me  to  be  only  the  opposite  valve  of  the  C.  Nebrascensis. 

Locality  and  position. — Division  C  of  the  Nebraska  City  section. 

Cytherb,  sp. 
PI.  XI,  Fig.  1  a,  6,  c,  d. 

Compare  Cypris  subrectus,  Portlock,  1843,  Report  Londonderry,  &c.,  p.  316,  Plate  XXIV, 
Fig.  136. 

• 

Carapace- valves  oblong-subelliptic  in  the  right  valve,  and  broader  ellip- 
tic in  theleft ;  right  valve  with  dorsal  margin  straight,  or  faintly  sinuous  in 
outline;  interior  with  a  transverse  ridge  near  the  posterior  end,  and  an 
oval  depression  occupying  the  whole  end  just  behind  it ;  exterior  suiface 
smooth,  and  usually  with  a  broad,  undefined,  slightly  more  convex  re- 
§^0Q  at  the  posterior  end,  corresponding  to  the  depression  within ;  left 
^'^Ive  smooth,  most  convex  behind  the  middle;  interior  with  a  trans- 
l^rse  ridge  near  the  posterior  end  as  in  the  other  valve,  but  having  a 
^^Pression  or  concavity  immediately  in  front  of  it  as  well  as  behind ; 
"<>r8al  margin  a  little  thickened. 

,   Length,  0.03  inch:  breadth  of  right  valve  about  half  the  length; 
^^eadth  of  the  left  about  three-fifths  the  length. 

Tbe  right  valve  of  this  little  species  agrees  very  nearly  in  form  with 
^ypris  snbrectus  of  Portlock,  and  might  with  more  propriety  be  re- 
^^^ed  to  that  species  than  the  form,  that  has  been  by  Professor  Geinitz 
^^n^idered  doubtfullj"  identical  with  C.  eyclas  of  Keysering,  can  be  re- 
*^rred  to  that  Russian  Permian  species.  The  valves  of  these  little  crus- 
*^<i^a,  however,  present  generally  so  few  characters  that  not  much  reli- 
^Hc^  can  be  placed  on  identifications  of  species,  unless  by  one  w^ho  has 
^^Ue  an  especial  study  of  the  fossil  forms  of  the  group. 

Ijocality  and  position. — Division  C  of  the  Nebraska  City  section ;  also 
^^J^ociated  with  the  last  in  the  Upper  Coal-Measures  of  Union  County, 
^owa. 

Genus  PHILLIPSIA,  Portlock, 

Phillipsia,  sp. 

PI.  Ill,  Fig.  1  a,  6. 

Pkillipaia,  sp.,  Geinitz,  18(36,  Carb.  und  Dyas  in  Nebr.,  p.  1,  Tab.  1,  Fig.  1. 

I  have  no  specimens  of  this  species  for  study  and  descrii)tion,  and 
therefore  merely  reproduce  Professor  Geinitz's  figures,  in  order  to  pre- 
^ut  as  full  an  illustration  as  possible  of  the  charactemU^  io^^^  q1 
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these  rocks.    It  is  probably  identical  with  some  of  the  forms  already 
described,  but  not  yet  figured,  from  the  Upper  Coal- Measures  of  the 
West. 
Locality  and  position. — ^Upper  Goal-Measures,  Plattsmouth,  Nebraska. 

Phillipsia  soitula,  M.  &  W, 
Plate  VI,  Pig.  9. 

JPhilUpsia  scitulay  Meek  &  Worthen,  1865,  Proceed.  Acad.  Nat.  Sci.  Philad.,  p.  2701 
Coniparo  P.  CiftonenaUf  Shumard,  1858,  Trans.  Acad.  Sci.  St.  Louis,  Vol.  I,  p.  226. 

The  only  specimen  of  the  little  trilobite  in  our  collections  from  life- 
braska  was  not  observed  until  the  whole  collection  had  been  looked 
over  several  times,  owing  to  the  fact  that  it  is  crushed,  and,  being  in- 
crusted  with  shaly  matter,  was  placed  in  a  tray  with  flattened  specimens 
of  Betzia  punctuliferaj  from  the  same  bed,  under  the  supposition  that  it 
was  a  crushed  example  of  that  little  shell.    On  carefully  cleaning  it, 
however,  it  was  found  to  belong  to  the  above  species  of  Phillipsia,   It 
was  evidently  folded  with  the  head  and  pygidium  together,  and  crashed 
laterally  by  accidental  pressure,  so  a«  to  become  nearly  flat    After 
careful  cleaning,  however,  it  is  not  difficult  to  make  out  enough  of  its 
specific  characters,  by  the  aid  of  a  magnifier,  to  leave  no  doubt  of  its 
identity. 

It  is  possible  that  this  is  the  same  form  described  by  Dr.  Shumard  from 
the  Upper  Coal-Measures  of  Kansas,  under  the  name  of  P.  Cliftonensis^ 
but  as  he  only  had  the  pygidium,  and  had  no  means  of  characterizing 
its  other  parts,  I  do  not  feel  warranted  in  referring  it  to  his  species.  li 
they  are  identical,  however,  and  their  identity  can  be  in  any  way  estal>- 
lished,  his  name  will  have  to  take  precedence,  as  it  was  first  published 

Locality  and  position. — ^Nebraska  City,  division  B.  The  specimen 
originally  described  was  from  the  Upper  Goal-Measure  at  Springfield- 
Illinois  ;  and  it  also  occurs  in  the  Lower  Goal-Measures  of  that  State. 

Phillipsu.  major,  Shumard. 
PI.  m.  Fig.  2  a,  6,  c. 

PhUUpsia  major,  Shumard,  1858,  Trans.  St.  Louis  Acad.  Sci.,  Vol.  I,  p.  225. 

Pygidium  semi-elliptical,  very  convex,  a  little  longer  than  wide,  nar- 
rowing  posteriorly,  the  lateral  margins  being  straightened  near  tba 
middle;  posterior  extremity  narrowly  rounded;  mesial  lobe  strongly 
elevated  above  the  lateral  ones,  distinctly  compressed,  and  longitudinally 
furrowed  on  each  side ;  strongly  arched  longitudinally,  rounded  on  top, 
and  gradually  tapering  posteriorly  to  its  rather  prominent,  somewhat 
obtuse  extremity,  which  terminates  at  about  one-fifth  the  entire  length 
of  the  pygidium  from  the  posterior  margin ;  segments  twenty-two  or 
twenty-three,  not  arching  forward  or  backward,  a  few  of  the  anterior 
ones  only  faintly  defined  by  slender  linear  furrows,  those  farther  back 
more  distinct,  all  becoming  obsolete  on  the  flattened  or  furrowed  sides 
of  the  lobe ;  lateral  lobes  wider  than  the  axial  one,  rounding  down 
abniptly  on  each  side,  and  sloping  more  gradually  behind^  into  a  smooth 
border,  which  continues  all  around  the  free  margins,  but  is  broader  and 
more  flattened  behind ;  segments  twelve  or  thirteen,  moderately  oblique, 
very  short  behind,  and  gradually  increasing  in  length  anteriorly ;  all 
ending  abruptly  on  reaching  the  rather  broad,  smooth,  sloping,  mar- 
ginal zone ;  surface  smooth,  or  only  showing  obscure  traces  of  fine 
granules^  with  minute  scattering  pits. 
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Length  of  pygidiam,  0.77  inch ;  breadth,  0.72  inch ;  height,  aboat  0.35 
inch. 

It  is  possible  that  this  may  be  distinct  from  Dr.  Shumard's  P.  major^ 
but  it  agrees  so  nearly  with  his  description,  that  there  seems  scarcely 
room  to  doubt  its  identity  with  that  species.  His  type  was  larger,  and 
proportionally  somewhat  wider,  but  agrees  well  in  all  its  other  details, 
\?hile  the  slight  difference  of  proportional  length  and  breadth  of  the 
pygidiam  may  be  due  to  a  difference  of  age  or  sex. 

It  is  also  closely  related  to  P.  Sangamanensis^  M.  &  W.,  described  from 
the  Upper  Coal-Measures  of  Illinois,  but  not  only  differs  in  being  pro- 
portionally a  little  longer,  but  also  in  having  its  axial  lobe  proportion- 
ally larger.    Still  it  may  be  the  same. 

Locality  and  position. — Dr.  Shumard's  specimens  were  fix)m  the  Upper 
Coal-Measures  of  Clinton  County,  Missouri,  and  on  Vermillion  River,  12 
miles  south  of  Lecompton,  Kansas.  Our  specimen  represented  by  Fig. 
2  A,  h,  of  PI.  m,  was  found  on  the  Missouri,  in  the  same  horizon 
at  Bellevue,  Nebraska.  That  represented  by  Fig.  2  o  was  found  by 
Professor  Egleston  at  Plattsmouth. 


DESCRIPTIONS  OF  FOSSIL  FISHES  FROM  THE  UPPER  COAL- 
MEASURES  OF  NEBRASKA. 

By  Orestes  H.  St.  John. 

Genus  CLADODUS,  Agassiz. 

Cladodus  mobtifeb,  K  and  W. 

PL  ni.  Fig.  6  a,  ft,  and  PI.  VI,  Fig.  13  a,  6,  c,  d. 

ChdodHs  moriifcr,  Newberry  and  Worthen,  Geo!.  Illinois,  Vol.  II,  p.  22,  PL  I,  Fig.  5; 
St.  John,  1870,  Proceed.  Am.  PMlos.  Soc.,  Vol.  XI,  p.  431. 

In  the  collection  there  are  fragments  of  three  individuals  of  the  above 
species— two  showing  the  base  with  portions  of  the  crown,  and  one  pre- 
sening  about  a  third  of  the  lower  portion  of  the  median  cusp  of  a  very 
l^rge  specimen.  There  can  be  no  doubt  that  the  teeth  before  me  are 
feferable  to  the  above  species ;  but  as  they  exhibit  characters  not  shown 
in  the  imperfect  specimen  figured  aqd  described  by  Messrs.  Newberry 
and  \¥orthen,  a  short  description  of  the  Nebraska  teeth  is  here  appended. 

Description. — ^The  base  of  the  tooth  is  semi-elliptical  in  outline,  ob- 
^Qsely  angular  behind,  with  low  protuberances  rising  at  the  angles  upon 
the  superior  inner  margin,  the  outer  margin  interrupted  by  a  broad, 
shallow  sinus,  at  either  angle  of  which,  immediately  beneath  the  smaller 
lateral  denticles,  an  obtuse  node  projects  downward,  similar  to  those 
opon  the  upper  opposite  side  of  the  root,  the  presence  of  which  would 
seem  to  have  been  designed  to  lend  additional  strength  to  the  muscular 
attachment  of  the  tooth  upon  its  cartilaginous  support ;  median  cone 
cervical,  regularly  tapering,  recurved,  inequally  compressed,  with  acute 
lateral  edges ;  strise  sharp,  interrupted,  separated  by  wide  plane  spaces, 
less  numerous  upon  the  strongly  compressed  anterior  face,  and  confined 
to  the  lower  half  of  the  cusp ;  lateral  denticles  two  upon  either  side, 
strong,  with  sharp  cutting  edges,  and  strong  sharp  striie  or  ridges. 

Breadth  of  base  twice  its  length,  and  equal  to  the  entire  height  of 
the  tooth. 

This  species,  so  far  as  we  at  present  know,  is  restricted  to  the  Upper 
Coal-Measures.    The  BiDgle  type  apecimen  from  which  th^  a^^mfcE  ^«kj^ 
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originally  described  was  found  in  the  Upper  Coal  Strata  near  SpriDgfield, 
Illinois;  and  in  the  prosecution  of  the  geological  survey  of  Iowa, Dr. 
White  has  brought  to  light  the  same  species  from  the  Upper  Coal- 
Measures  of  the  southwestern  portion  of  the  State.  I  have  also  foand 
this  species  in  the  same  formation  at  Manhattan,  Kansas. 

Compared  with  other  species,  the  present  one  is  probably  more  closely 
related  to  C  miraMliSy  Agassiz,  from  the  Mountain  Limestone,  Ireland, 
than  with  any  other  to  which  I  am  acquainted.  It  differs,  however, 
in  being  less  robust,  and  more  symmetrical  in  its  general  proi)ortion8. 

Formation  and  locality. — Upper  Coal-Measures,  bed  B,  Nebraska  City 
section,  Nebraska. 

Genus  DIPLODUS,  Agassiz. 

DiPLODUS  COMPRESSUS,  Ncwb. 

PI.  IV,  Fig.  19  a,  b. 

DipJodii8  compresstuij  Newberry,  Gool.  Illinois,  Vol.  II,  p.  60,  PI.  IV,  Fig.  2;  St.  John, 
1870,  Proceed.  Am.  Philos.  Soc,  Vol.  XI,  p.  4.32. 

The  single  specimen  of  Diplodus  in  the  collection  is  probably  referable 
to  the  form  described  by  Dr.  Newberry  under  the  name  D.  compremi* 

Description. — The  tooth  is  of  medium  size ;  base  slightly  narro\?er 
than  long,  broadly  rounded  in  front,  and  terminating  in  an  obtuse  poiut 
behind;  under  surface  slightly  raised  in  the  middle;  anterior  extremity 
produced  into  a  large  obtuse  tubercle  projecting  slightly  outward  and 
downward,  with  a  flattened,  sharply  defined,  obovate,  pad-like  projection 
upon  the  upper  surface  of  the  posterior  extremity,  marked  upon  either 
side  by  a  shallow  groove  terminating  above  in  a  little  pit,  which  is 
entirely  separated  from  the  bases  of  the  crown  cusps;  in  this  lattei 
respect,  as  Dr.  Newberry  has  remarked,  offering  marked  contrast  to  D 
gibbosvs,  Agassiz,  from  the  Mountain  Limestone  of  Europe ;  cusps  three 
median  one  rudimentary,  slender,  compressed,  with  finely  crenulated  lat 
eral  edges,  base  well  defined  from  the  general  surface  and  terminating 
in  a  slight  protuberance  in  the  osseous  root  in  front;  the  apices  of  th^ 
lateral  cusps  are  broken  away  in  the  specimen  before  me;  they  ari 
strongly  compressed,  smooth,  with  sharp,  beautifully  crenulated  cuttini 
edges,  unequally  divergent;  left  one — viewed  from  before — ^most  inclinec 
from  a  vertical  line  and  broadest  at  base  5  transverse  section  of  botl 
lenticular. 

In  the  collection  of  the  Iowa  State  geological  survey,  there  is  a  tootl 
from  the  Upper  Coal-Measures  of  Southwestern  Iowa,  which  is  <loubtles5 
specifically  identical  with  the  Nebraska  specimen,  though  possessing  some 
slight  differences.  In  the  Iowa  specimen  the  base  has,  as  in  the  above 
described  tooth,  a  lozenge-shaped  outline,  its  posterior  extremity  is  mon 
abruptly  truncated,  and  the  pad-like  elevation  surmounting  its  surface 
is  elliptical  with  its  longer  axis  transverse  to  the  root — ^in  other  resi)ectf 
the  same  as  the  Nebraska  tooth;  viewed  in  front,  the  right  lateral  cone  i$ 
the  strongest  and  most  inclined  laterally,  and  the  bases  on  the  anterioi 
face  are  swelled  out,  producing  an  angular  ridge  or  buttress,  which, 
however,  is  lost  both  in  the  crown  above  and  in  the  root  below.  These 
two  individuals  are  the  only  ones  I  have  had  opportunity  to  examine, 
and  comparing  them  with  the  excellent  description  and  figures  of  D, 
latns,  Newb.,  I  cannot  doubt  but  that  they  are  distinct  from  tbat  species, 
The  present  species  is  described  from  the  Coal-Measures  of  Ohio  and 
Southwestern  Indiana,  the  latter  locality  holding  a  strati  graphical  posi- 
tion probably  below  the  Nebraska  horizon. 

Formation  and  locality. — Upper  Coal-Measures,  Eulo,  Nebraska. 
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Genus  PETALODUS,  Agassiz. 

Petalodus  DESTRUCTOR,  N.  and  W. 
PL  III,  Fig.  5. 

Petalodiu  destrucior^  Newberry  and  Worthen,  Geol.  Illinois,  Vol.  II,  p.  35,  PI.  II,  Figs.  1, 
2,  3 ;  St.  John,  1870,  Proceed.  Am.  Philos.  Soc,  Vol.  XI,  p.  433. 

The  collection  contains  a  large,  almost  perfect  specimen  of  the  above 
species,  which  presents  the  following  characters : 

description, — The  crown  is  sharp,  compressed,  gradually  thickening 
toward  the  base ;  crest  more  or  less  gently  arched  from  the  lateral  ex- 
tremities, obtusely  acuminate  at  the  apex,  and  distinctly  striated  for 
the  space  of  a  line  or  less,  below  wTiich  the  striae  are  lost  in  the  dense 
enamel-like  coating  which  covers  both  faces  of  the  crown  ;  posterior 
face  of  crown  rhombic,  outline  of  base  similar  to  that  of  crest,  and  bor- 
dered by  five  strongly  marked  imbricating  folds,  which  are  conspicuously 
arched  downward  in  the  middle,  and  more  or  less  deflected  at  the  lat- 
eral extremities;  anterior  face  broadly  rhomboidal,  basal  fold  consisting 
of  four  or  five  obscurely  marked  imbrications,  gentlj'  curved  downward 
in  the  middle,  and  again  at  the  lateral  extremities ;  the  upper  edges  of 
the  imbricating  folds  are  minutely  crenulated  ;  root  broad,  compressed 
at  the  edges,  rapidly  tapering  from  the  lateral  shoulders,  and  terminating 
in  a  blunt  rounded  point.  CTpon  much- worn  surfaces  the  crown  is  finely 
punctate. 

Inches. 

Length,  nearly 2. 00 

Greatest  breadth  of  crown,  about  : 1. 60 

Height  of  anterior  face  of  crown 0. 95 

Height  of  posterior  face 1.  28 

Breadth  of  root  across  the  lateral  shoulders,  about 1. 10 

This  species  bears  a  striking  resemblance  to  Petalodus  acuminatnsj 
Agassiz,  from  the  Mountain  Limestone  of  Europe;  but,  at  the  same  time, 
it  possesses  characters  which  readily  distinguish  it  from  that  species. 
The  present  species  differs  mainly  in  the  more  tapering  root,  the  coronal 
band  upon  the  inner  face  is  more  strongly  curved  downward  in  the 
twiddle,  and  the  crown  is  relatively  higher.  This  species  was  originally 
<lescribed  from  the  Upper  Coal-Measures  of  Central  Illinois.  I  have  seen 
a  fine  specimen  of  the  same  species  in  the  collections  of  the  museum  at 
Cambridge,  from  similar  horizons  in  Southwestern  Indiana,  and  also 
from  the  Upper  Coal-Measures  of  Central  Iowa. 

Formation  and  locality,' — Upper  Coal-Measures,  Eock  Bluff,  Nebraska. 

Genus  PEEIPRISTIS,  Agassiz,  M.  S. 

Periprisiis  (Agassiz),  St.  John,  Proceed.  Am.  Philos.  Soc,  Vol.  XI,  p.  434. 

Generic  characteristics, — Teeth  small  or  of  medium  size,  possessing  the 
general  characteristics  of  the  petalodonts.  Crown  compressed,  acumi- 
nate, serrate,  more  or  less  curved  laterally ;  extremities  on  the  inner  face 
connected  by  a  raised  transverse  shoulder,  in  which  the  crown  termi- 
liates  below,  and  which  gives  rise  to  a  more  or  less  profound  comnal 
<^avity.  Root  well  developed,  entire,  as  in  Petalodus.  The  surfaces  of 
the  crown  and  coronal  cavity  are  covered  by  a  dense  and  highly  polished 
%er  of  ganoine,  which  forms  an  imbricated  band  at  the  base. 

The  above  generic  designation  was  suggested  by  Professor  Agassiz 
for  the  reception  of  a  group  of  peculiar  teeth,  of  whicli  we  \iavek  a\j\^akS>\» 
M.  Ex.  19 16 
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two  representative  species — that  of  P.  semixnrcularis  being  regarded  as 
the  type.  Tiiese  forms  certainly  possess  features  which  are  widely  at  va- 
riance with  the  typical  species  of  the  genus  Ctenoptychitis^  as  represented 
by  C.  apicalis^  Agassiz ;  and  in  their  description  of  the  following  species, 
Messrs.  Newberry  and  Worthen  have  also  referred  to  the  remarkable 
characters  which  distinguish  it  from  the  typical  species  of  Ctenoptychiu, 
The  central  -coronal  cavity  and  the  prominent  transverse  ridge  in  which 
the  root  is  terminated  above  on  the  posterior  aspect  are  peculiarities 
which  do  not  appear  in  any  of  the  numerous  other  genera  comprised  in 
the  groups  of  petalodonts. 

The  genus  is  Carboniferous,  ranging  from  the  Lower  Carboniferous  to 
the  Upper  Coal-Measures  inclusive. 

Peripristis  semicircularis,  N.  &  W.,  sp. 
El.  Ill,  Figs.  3,  4 ;  and  PI.  IV,  Fig.  20  a,  h. 

Ctenoptychim  semicirculariSj  Newberry  aud  Worthen,  Geol.  Ulinois,  Vol.*II,  p.  72,  PI.  IV, 

Figs.  18,  a,  b. 

Description. — Tooth  small,  broadly  obovate  in  outline,  crown  much 
compressed  and  strongly  curved  laterally,  giving  the  crest  a  semicir- 
cular outline  viewed  from  above ;  cutting  edge  divided  into  seven  to 
nine  denticulations,  the  median  lobe  strongest,  lateral  ones  gradually 
decreasing  in  size  toward  the  lateral  extremities,  where  they  are  scarcely 
relieved  from  the  edge;  the  calcigerous  tubes  slightly  diverge  on  nearing 
the  edge,  producing  a  minute  radiated  striation  of  the  denticulations 
like  that  observed  in  the  even  crest  of  Petalodvs^  and  when  the  crowD  is 
much  worn  the  surface  is  finely  punctate ;  outer  face  of  crown  very  low 
in  proportion  to  its  breadth,  base  sharply  beveled,  coronal  band  narrow, 
imbrications  very  obscure  or  obsolete,  gently  descending  in  the  middle, 
and  slightly  curved  downward  at  the  lateral  extremities ;  upon  the  pos- 
terior face  the  base  of  the  crown  is  defined  by  a  conspicuous  transverse 
ridge,  which  unites  the  lateral  extremities,  and  gives  origin  to  a  deef 
central  coronal  cavity ;  the  enamel-like  coating  lines  the  walls  of  tb< 
cavity,  affid,  spreading  over  the  gently  and  regularly  downward  arched 
transverse  shoulder,  it  forms  a  thin  coronal  band  with  one  or  two  faio 
imbrications  upon  its  external  inflexed  border.    The  root  is  nearly  a 
wide  and  much  thicker  than  the  crown,  tapering  rapidly,  and  i'ounde< 
at  its  extremity ;  anterior  side  convex  or  ridged,  posterior  face  slightl. 
concave  transversely ;  both  surfaces  more  or  less  roughened. 

Inche; 

Greatest  length : 0.7 

Greatest  breadth  at  the  lateral  angles  of  the  crown 0.7 

Height  of  crown  upon  its  anterior  face 0.3 

Depth  of  the  coronal  cavity  from  the  apex  of  the  median  denticu- 

lation,  about 0.4 

And  from  the  transverse  shoulder,  about 0.:* 

The  collection  contains  a  perfect  specimen  of  the  above- describe 
species,  from  Bellevue,  Nebraska,  imbedded  in  a  matrix  of  limestone,  bo 
exhibiting  the  entire  posterior  aspect  of  the  tooth  without  a  blemish 
and  I  owe  to  the  kindness  of  Hon.  J.,  Sterling  Morton,  of  Nebraska  Citj 
another  equally  perfect  specimen,  obtained  from  a  shaft  excavation  nea 
the  city,  which  shows  the  anterior  face  of  the  tooth.  I  think  there  cai 
be  no  question  as  to  their  specific  identity  with  the  form  described  b; 
Messrs.  Newberry  and  Worthen  from  the  Upper  Coal-Measures  o 
Illinois. 
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I  am  acquainted  with  but  a  single  other  form  to  which  this  species 
seems  to  be  closely  related,  and  that  is  from  the  Mountain  Limestone  of 
Yorkshire,  England.  Specimens  of  the  latter  species  are  in  the  exten- 
sive collections  of  the  Museum  of  Comparative  Zoology  at  Cambridge. 
The  English  specimens  are,  however,  markedly  distinct  specifically  from 
the  American  ;  they  are  less  curved  laterally,  and  possess  some  sharp, 
thick  serrations  on  either  side  of  the  median  cusp ;  the  crown  is  rela- 
tively higher,  and  the  coronal  band  on  the  outer  face  is  more  deeply  arched 
dowuward  in  the  middle,  is  wider  and  more  distinctly  imbricated ;  the 
coronal  cavity  of  the  inner  face  is  shallower,  and  the  transverse  shoulder 
less  prominent.    1  am  not  aware  that  the  English  species  is  described. 

FormatUm  and  locality. — Upper  Coal-Measures ;  Eockbluff  and  Belle- 
vue;  and  from  Morton's  Shaft  near  Nebraska  City,  Nebraska. 

Genus  CHOMATODUS,  Agassiz. 

•     Chomatodus  arcuatus,  St.  John. 

PL  VI,  Fig.  14  a,  b. 

Chomatodus  arcuntus,  St.  John,  1870,  Proceed.  Ara.  Philos.  Soc,  Vol.  XI,  p.  435. 

A  fragment  of  limestone  from  Bennett's  Mill,  near  Nebraska  City,  pre- 
serves the  impression  of  a  tooth  of  the  genus  Chomatodus^  which  seems 
to  be  distinct  from  all  the  species  of  this  germs  heretofore  described  from 
the  Coal-Measures  and  Lower  Carboniferous.  The  irapressiou  presents 
almost  the  entire  figure  of  the  anterior  face,  from  which  the  following 
description  is  given : 

Descriptian. — Tooth  large,  laterally  elongated,  moderately  thick  (?),  ex- 
tremities rounded ;  crown  slightly  arching  trom  the  lateral  angles  and 
curved  laterally ;  anterior  face  slightly  convex  vertically  and  rounded  at 
the  cre^t,  which  was  probably  more  or  less  obtuse ;  the  anterior  face  of 
tlie crown  was  apparently  undulated  along  its  crest;  the  obscure  sulci 
may  have  reached  half  the  distance  from  the  crest  toward  the  base,  and 
at  the  median  line  a  very  shallow  depression,  about  as  high  as  it  is  wide 
at  the  hase,  reaches  upward  about  two-thirds  the  height  of  the  crown, 
aud  seems  to  interrupt  the  continuity  of  the  basal  folds,  which,  however, 
niay  not  be  i)er8isteut  or  of  specific  importance ;  basal  band  narrow, 
linear,  with  two  or  three  imbricated  folds,  and  parallel  with  the  base  of 
the  root ;  surface  coarsely  punctate.  Root  nearly  as  wide  as  the  crown, 
its  anterior  face  deeply  channeled  by  an  angular  transverse  furrow,  with 
3  low  ridge  traversing  the  lower  portion  from  one  extremity  to  the  other, 
helow  which  it  is  beveled  to  the  outer  basal  edge. 

Inclicfl. 

Greatest  breadth,  about l.GO 

Height 0.50 

Greatest  height  of  anterior  crown  face 0.22 

In  outline  the  above  species  bears  a  somewhat  marked  resemblance  to 
C.  loriformiSj  N.  and  W.,  from  the  Keokuk  liftiestone ;  but  it  differs  from 
that  form  in  having  the  anterior  face  of  the  crown  relatively  higher,  its 
crest  undulated  aud  less  parallel,  and  its  bow-shaped  outline  viewed  from 
above  as  well  as  in  the  more  vertical  concavity  of  the  outer  aspect  of 
the  root.  It  is  not  improbable  that  the  basal  angle  of  the  posterior  crown 
face  was  quite  prominent,  and  the  vertical  concavity  of  that  face  of  the 
crown  must  have  been  considerable,  judging  from  the  arched  character 
of  the  opposite  face,  and  in  this  respect  somewhat  resembWug  CciYictu^^ 


t 
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Agasaiz,  thouijli  the  present  species  is  not  acuminata,  the  coronal  1 
not  nearly  as  wide  as  in  that  species,  and  the  tooth  is  not  as  thick 
massive. 

Formation  and  Zocai/fj/.— Upper  Coal-Measares,  Bennett's  Mill, 
Nebraska  City ;  where  it  was  found  in  place  by  the  writer. 

Genus  XYSTRODXJS,  Agassiz,  M.S. 

Xysteodus  ?  occiDENTALis,  St.  John. 
PI.  IV,  Fig.  18  a,  6,  c,  d. 

Xystrodua  ?  occidentalism  St.  John,  1870,  Proceed.  Am.  Philos.  Soc.,  XI,  p.  43(; 

The  collection  affords  an  interesting  little  deltoid  tooth,  which 
lieve  has  not  been  heretofore  described.  Unfortunately,  the  spe< 
is  quite  imperfect,  and,  although  its  specific  characters  permit  of  de 
tion,  its  generic  affinity  remains  somewhat  in  doubt. 

Description, — Terminal  tooth  small,  subtrigonal  in  outline,  little 
rower  than  long,  but  slightly  enrolled,  flattened  or  gently  depi 
above;  the  straight  side  is  abruptly  beveled,  and  from  its  eilg 
crown  gently  inclines  to  the  opposite  oblique  margin,  which  is 
slightly  raised ;  the  border  extremity  is  thickened,  forming  a  well-d< 
continuous  marginal  border,  which  rapidly  descends  upon  the  inne 
and  gently  slopes  into  the  shallow,  depressed  space  in  front ;  towai 
terminal  extremity  the  tooth  becomes  exceedingly  thin,  and  in  the 
men  before  me  the  pointed  end  and  outer  margin  are  broken  away, 
superior  surface  is  coarsely  punctate,  as  is  also  the  straight  articulai 
gin.    Distance  between  the  angles  of  the  broader  extremities,  0.38 

The  tooth  above  described  possesses  some  characters  which  se( 
connect  it  more  closely  with  Xystrodiis,  Agassiz,  M.S.,  than  witl 
other  genus  with  which  I  am  acquainted.  Its  general  depressec 
uratiug  surface,  and  but  slightly  convoluted  terminal  extremit> 
strongly  suggestive  of  this  relation.  The  genus  Xystrodus  was  < 
lished  by  Prof.  Agassiz  for  the  reception  of  Cochliodus  striatus  an 
or  more  other  European  species  from  the  Mountain  Limestone. 

Formation  and  locality, — Upper  Coal-Measures,  Aspinwall,  Xebi 

Deltodus?  angularis,  K  and  W. 

PI.  \l^  Fig.  18  a,  ft. 

. 

Deltodus  an fjuJaris,  Newberry  and  Worthen,  Geol.  lUinois,  Vol.  II,  p.  97;  PI.  IX, 
St.  John,  l^n\  Proceed.  Am.  Phil.  Soc.,  Vol.  XI,  p.  437. 

Description, — Terminal  tooth  small,  obliquely  triangular  in  oi 
thick,  but  slightly  enrolled ;  the  broader  extremity  has  a  sigmoidal  i 
ture,  terminating  in  an  acute  point  at  the  oblique  posterior  extre 
straight  side  forming  an  angle  of  about  bo^  with  the  oblique  m 
abruptly  truncated,  with  a  narrow  sulcus  about  the  middle  of  tin 
eled  articular  face  extending  from  the  inner  angle  to  the  pointer 
below  which  the  tooth  apparently  expands  into  a  thin,  narrow  I 
similar  to  that  upon  the  opposite  side;  the  articular  margin  is  boi 
by  a  prominent,  flattened  ridge,  which  occupies  .about  one  third  tb 
face  of  the  crown  and  gradually  narrowing  as  it  a])proaches  the 
nal  point ;  a  sharp,  narrow  keel  rises  from  the  oblique  margin,  n 
converging  and  decreasing  in  prominence  toward  the  apical  en< 
separated  from  the  broad,  flattened  pYOvuinewce  of  the  stmight  u 


NEBRASKA  AND  PORTIONS  OF  ADJACENT  TERRITORIES   245 


an  equally  broad,  deep,  angular  furrow;  along  the  oblique  side  the 
►tb  wa«  slightly  expanded  into  a  thin  marginal  border.  The  crown 
rface  is  beautifully  granulo-punctate,  the  broader  extremity  very 
ntly  inarkeil  by  longitudinal  sigmoid  lines  of  growth,  and  the*  broad 
jsial  depression  is  traversed  by  very  obscure  undulations  parallel  with 
e  oblique  keel.  Under  surface  longitudinally  undulated,  smooth. 
Length  of  tooth  along  the  straight  margin,  about  0.52  inch ;  greatest 
stance  between  the  acute  and  obtuse  angles  of  the  broader  extremity, 
18  inch. 

The  collection  affords  but  a  single  example  of  this  handsome  form, 
le  specimen  before  me  has  a  remarkable  resemblance  to  the  posterior 
eth  of  DeltoptychiuSy  Agassiz,  M.S.,  founded  upon  Cochllodits  acutus 
the  Irish  Mountain  Limestone;  but  we  do  not  at  present  possess  the 
aterials  fully  to  demonstrate  this  identity.  The  Nebraska  tooth, bow- 
er, is  evidently  identical  with  the  form  described  by  Messrs.  Newberry 
idWorthen,  from  stratigraphically .corresponding horizons  in  Illinois; 
id  Dr.  White  has  discovered  the  same,  or  a  very  closely  allied  species, 
the  Upper  Coal-Measures  of  Southwestern  Iowa. 
Formation  and  locality. — Upper  Coal -Measures,  bed  B,  Nebraska 
ity:  where  it  was  discovered  by  Dr.  White. 
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S.  H.  SOUDDER. 


[)TES  ON  THE  ORTHOPTERA  COLLECTED  BY  DR.   F.   V. 

HAYDExN   IN  NEBRASKA. 


Br  SAMUEL  H.  SCUDDER. 


I.-LI3T  OF  THE  SPECIES  OBSEKVED  IN  NEBRASKA. 

Gryllus  neglectus,  Scudd.— Abuudant  along  the  Platte,  up  Lonp 

Fork,  Pawnee  Keserve. 
Gryllus  personatus,  Uhl.— A  few  specimens  were  taken  on  the 

banks  of  the  Platte. 
Nemobius  vittatus,  Harr. — The  specimen  obtained  seems  to  bo 

referable  to  Harris's  species;   it  was  found  on  the  banks  of  the 

Platte. 
CEcANTHUS  NiVEUS,  Scw. — Judging  from  poor  specimens,  this  seems 

to  be  identical  with  our  eastern  species  — 1  ^  1  $ .    Banks  of  the 

Platte. 
^'kuthophilus  gracilipes,  Scudd.  (?) — 3^  1$,  mostly  immature, 

were  taken  at  Nebraska  City. 
Tdeopsylla  robusta,  Scudd — 3^  3$,  from  Nebraska  City  and  the 

banks  of  the  Platte. 

CipniDiUM  SALTANS,  uov.  sp. — Similar  to  X  bretipennisj  Scudd.,  but 
with  much  shorter  wings.  In  the  male  the  stridulating  fiehl  occu- 
pies one-half  of  the  tegmina.  The  projection  of  the  vertex  is  unu- 
sually great ;  the  o\ipositor  is  very  long  and  slender,  slightly  curved. 
?ngth  from  tip  of  vertex  to  extremity  of  abdominal  segments,  ()..! 
inches ;  length  of  tegmina,  ^  0.14  inch,  $  0.00  inch ;  length  of  hind 
femora,  0.41  inch ;  length  of  ovii)Ositor,  0.52  inch, 
f  1 5  from  the  banks  of  the  Platte. 

otocephalus  attenuatus,  nov.  sp. — ^Tubercle  of  vertex  bordered 
beneath  with  black,  long,  slender,  conical,  bluntly  pointed,  with  a 
slight  basal  tooth  on  the  under  side ;  tegmina  very  slender,  pointed 
at  the  tip,  more  than  twice  the  length  of  the  abdomen  ;  hind  legs 
slender,  the  femora  furnished  beneath,  externally,  with  a  row  of 
exceedingly  short  and  fine,  distant,  spinous  hairs;  internally  with 
a  row  of  four  or  five  very  short  and  distant  si)ines,  directed  back- 
ward; ovipositor  very  slender,  barely  reaching  the  tip  of  the  wing- 
covers  at  rest. 

•ngth  of  tubercle,  measured  beneath,  0.08  inch ;  length  of  hind  fem- 
ora, 0.85  inch;  length  of  tegmina,  2  inches;  length  of  ovipositor, 
1.3  inches. 

,29,  and  several  immature  specimens  were  taken  on  the  banks  of 
the  Platte. 

NABRUS  siMiLis,  UOV.  sp. — This  spccics  is  very  closely  allied  to  A. 
purpurascens^  Uhl.;  it  differs  from  the  latter  principally  in  its 
slightly  shorter  and  more  curved  ovipositor. 

ngth  of  prouotum,  0.40  inch ;  length  of  hind  tibiie,  0.74  inch ;  length 
of  ovipositor,  0.72  inch. 

35.     Banks  of  the  Platte. 
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10.  Opsomala  bivittata,  Serv. — 2  9  from  Nebraska  Citj\ 

11.  Brachypeplus  MAGNUS,  Gimrd. — 1  ^  8 $ .    Oae  specimen  f^0In^'e• 
braska  City,  the  remainder  from  the  banks  of  the  Platte. 

12.  Stenobothrus  gracilis,  uov.  sp. — Vertex  of  the  head  broad,  swol 
len,  with  elevated  anterior  border ;  foveolae  extremely  shallow,  long, 
triangular,  with  the  base  toward  the  eye ;  lateral  carinae  of  prouo- 
tum  rather  prominent,  regularly  curved,  approximate  in  the  mid 
die;  median  carina  slight ;  hind  border  of  pronotum  a  little angu- 
lated ;  middle  of  the  lower  border  produced  into  a  rounded  projec- 
tion. 

Slightly  mottled,  pale  reddish  brown,  a  band  of  the  deeper  tint 
just  behind  the  eyes,  bordered  above  by  the  yellowish  lateral  cariniB 
of  the  pronotum ;  tegmina  nearly  uniform  in  color,  but  with  two 
or  three  small  spots  in  the  central  fiejd. 

Length  from  vertex  to  tip  of  tegmina,  0.65  inch.  1  ^  taken  on  the 
banks  of  the  Platte. 

13.  AcRiDiuivi  E^iARGiNATUM,  Uhl,  MSS. — Pronotum  light  greenish  red, 
lighter  on  sides;  a  distinct  yellow  band  from  the  vertex  of  the  bead 
to  the  tip  of  the  pronotum  j  antennae  yellowish,  changed  into  browa 
at  tips ;  tegmina  brownish-red,  inner  border  margined  with  dull  yel- 
lowish; hind  femora  yellowish,  with  a  few  black  iK)ints  on  the 
upper  outer  carina ;  hind  tibi«  dark  brownish-red,  armed  with  black- 
tipped,  yellow  spines;  abdomen  yellow,  with  transverse  rows  of 
black  dots  at  the  tips  of  the  segments. 

Length  from  vertex  to  tip  of  tegmina,  $  1.4  inches,  $  1.75  incbe»- 
3^  3$  along  the  banks  of  the  Platte  liiver. 

14.  Caloptenus  FEMUR-RUBRUM,  Bumi. — 1  <?  2  9  ouly  Were  collected, 
from  Rulo,  Southern  Nebraska,  July  9th  ;  from  Nebraska  City  aud 
from  the  banks  of  the  Platte  River.  For  further  remarks  on  this 
species  see  below. 

15.  Caloptenus  spretus,  Uhl. — Rulo,  Southern  Nebraska,  on  the 
banks  of  the  Missouri  River,  in  great  quantities,  July  9th ;  other 
specimens  were  brought  from  the  banks  of  the  Platte  River  ao^^ 
from   Nebraska  City.    For  further  remarks  on  this  species  see 
the  second  division  of  my  paper. 

16.  Caloptenus  bivittatu's,  Uhl. — 1^  3$,*  taken  along  the  banks  ^^ 
the  Platte  River  aud  at  Nebraska  City. 

17.  Pezotettix  speciosa,  uov.  sp. — Pronotum  rugose,  the  anterior  hi»^* 
with  irregular  transverse,  the  posterior  half  with  irregular  longit^^^ 
dinal  lines;  the  raised  portions  pale  yellowish  ;  the  depressed  par 
deep  reddish;   tegmina  immaculate,  yellowish,  with    the  longit 
dinal  vein  of  inner  half  pinkish. 

This   species   is   placed  here  provisionally,  as  it  does  not  strict] 

appertain  to  Pezotettix. 
Length  of  pronotum,   <J   0.23  inch,  9  0.30  inch;  length  of  tegminr^^ 

S  0.4  inch,  9  0.6  inch ;  length  of  hind  femora,  <?  0.56  inch,  9  O.Cf-- 

inch. 
1  <?  2  9  from  Nebraska  City  and  the  banks  of  the  Platte  River. 

18.  CEdipoda  tru^asciata. — Gryllus  trifasciatm^  Say.  Amer.  Entom^ 
PI.  XXXI V.    1  i  from  Nebraska  Territory. 

19.  (Edipoda  collaris,  uov.  sp. — Dark  reddish-brown;  lower  half  o 
head,  base  of  hind  femora,  aud  a  broad  band  along  the  posterior  edgt^ 
of  the  pronotum,  pale  cla^'-yellow ;   hind  tibia3  reddish;  tegmina 
mottled  somewhat  uniformly  with  fuscous  blotches,  which  forn^ 
three  distinct  bands,  the  outer  of  which  is  sometimes  lost  in  the> 
uearlj  equal  mottling  of  the  tip*,  wings  pale  yellow  at  base,  some- 
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what  obfuscated  at  tip  with  a  broad  median  blackish  band,  occu- 
pying the  middle  third  of  the  wing  at  the  costal  border,  crossing 
the  wing  at  right  angles  with  uniform  breadth,  (excepting  a  si)ur 
thrown  out  toward  the^base,  as  in  (E.  xanthoptera^)  and  then,  with 
decreasing  width,  following  the  curve  of  the  wing  to  the  in!:er 
angle;  pronotam  with  a  prominent  median  ridge  throughout  its 
extent. 
Length  from  vertex  to  tip  of  tegmina,  ^  1.2  inches,  9  l.G  inches; 
2  <?  29  from  Nebraska  City  and  from  the  banks  of  the  Platte. 

0.  (Edipoda  tenebrosa,  ndv.  sp. — Nearly  uniform  dark  fuscous,  front 
of  head  with  somewhat  pale  markings;  pronotum  above  dull,  dirty 
yellow,  with  dots  and  streaks  of  fuliginous ;  hind  femora  banded 
with  yellow  just  before  the  tip;  hind  tibiae  with  a  dull  reddish  band 
next  the  base,  followed  by  a  darker  band ;  tegmina  almost  uniformly 
mottled  with  fuscous,  the  outer  half  interspersed  with  paler  spots; 
wings,  pale  reddish  at  base,  the  whole  outer  border  obscured  by  a 
broad,  dark,  fuliginous  band,  slightly  paler  at  the  extreme  tip,  pro- 
jecting sharply  inward  almost  to  the  base  of  the  wing^  near  the 
costal  margin ;  antennte  fuscous,  basal  third  paler*;  pronotum  with 
a  slightly  raised  median  caiina. 
Length  from  vertex  to  tip  of  tegmina,  <yl.2  inches,  $  1.25  inches  ;  2 
^29,  Nebraska  City  and  along  the  banks  of  the  Platte. 

1-  (Edipoda  Haldemanii,  nov.  sp. — This  species  is  closely  allied  to  (E. 
eoralUpes^  Hald.,  but  differs  from  it  in  the  greater  rugosity  of 
the  pronotum  and  in  the  greater  separation  and  distinctness  of  the 
markings  on  the  tegmina.  The  wings  are  pale  yellow  at  base,  hyiv 
line  with  black  veins  at  tip  and  across  the  middle,  have  a  ratlier 
narrow  fuliginous  band,  curving  regularly  around  to  the  inner  angle, 
broken  at  the  division  of  the  central  and  inner  areas  of  the  wing, 
and  above  this  projected  strongly  and  broadly  inward,  almost  to 
the  very  base  of  the  wing ;  at  the  costal  border  the  band  becomes 
almost  piceous. 
Length  from  vertex  to  tip  of  tegmina,  ^1.25  inches,  9  1.8  inches;  1  ^ 
4  9,  Nebraska  City  and  the  banks  of  the  Platte. 

-•  CEdipoda  CAROLINA,  Burm. — 2  ^59  from  Nebraska  City  and  the 
banks  of  the  Platte. 

^-  DiAPHEROMERA  Velii,  Walsh.— 1  <?  1  9  from  the  banks  of  the 
Platte  Kiver. 

^  Stagmatoptera  MINOR,  nov.  sp. — This  little  Mantis  is  a  miniature 
of  8.  Carolina,  but,  on  a  front  view,  the  vertex  of  the  head  is  less 
swollen  and,  indeed,  nearly  flat;  the  eyes  are  not  so  j)rominent,  and 
instead  of  being  regularly  rounded,  are  slightly  flattened  above,  in 
continuation  of  the  contour  of  the  vertex ;  head  and  pronotum 
mottled  with  black  and  dark,  dirty  yellowish,  the  pronotum  with 
raised  black  points  along  the  outer  border ;  tegmina  dark  brown, 
obfuscated  on  the  apical  half;  stigma  of  the  same  color  as  its  sur- 
roundings and  therefore  inconspicuous. 

I-ieugth  of  pronotum,  0.25  inch ;  length  of  tegmina,  0.28  inch ;  breadth 

of  head,  including  eyes,  0.17  inch. 
Three  specimens  from  Nebraska  City. 

^.  Temnopteryx  marginata,  nov.  sp. — Pronotal  shield  piceous,  bor- 
dered laterally  with  a  wide  yellowish  band ;  furnished,  also,  with  a 
few  widely  and  irregularly  scattered  punctulations  ;  tegmina  piceo- 
ferruginous,  the  outer  margin  with  a  yellowish  band  in  continuation 
of  that  on  pronotal  shield,  reaching  half-way  to  the  apex*,  few\ot.\ 
beneath  \uteou8;  tibiae  and  tarsi  castaneus. 
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Length  of  prouotal  shield,  0.17  inch  ;  breadth  of  the  same  at  the 
terior  border,  0.22  inch;  bngth  of  teginiua,  0.2G  inch;  breadtl 
tlie  same  in  the  middle,  O.IG  inch. 

From  the  banks  of  the  Platte. 

IL— EEMARKS  ON  THE  DEVASTATING  GRASSHOPPERS 

NORTH  AMERICA. 

At  least  three  kinds  of  migratory  grasshoppers,  two  of  which  b( 
to  the  genus  Caloptenus^  are  found  in  tire  United  States. 

One,  Caloptenus  femur  rubrum,  Burm.,  is  found  in  all  the  States 
of  the  Mississippi,  unless  we  except  the  southernmost,  a^  well 
those  bordering  it  on  the  west.     It  was  long  ago  described  by  De 
This  seems  to  bo  tlie  least  destructive  kind,  and  only  on  extraord 
occasions  has  been  known  to  migrate  in  clouds,  or  even  extend  itj 
ages  over  a  wide  stretch  of  country. 

The  second,  Caloptenus  spretus^  Uhl.,  a  much  more  destructivi 
cies,  occurs  over  the  whole  of  the  vast  region  west  of  the  States  b( 
ing  the  Slississippi,  to  the  very  base  of  the  Rocky  Mountains, 
Texas  on  the  south,  past  the  boundaries  of  the  United  States,  t 
Saskatchewan  River  on  the  north.  The  species,  which  receive 
name  in  manuscript  from  Mr.  Uhler,  has  been  briefly  described  b 
Walsh.  This  entomologist  discuvsses  at  length,  in  the  Practical 
raologist  for  October,  18GG,  the  probability  of  its  permanent  footh< 
Kansas  and  Nebraska.  While  we  agree  with  him  in  his  conchu 
we  would  by  no  means  assent  to  a  line  of  argumentation  founded 
his  hypothesis  of  its  origin.  ''It  is  evidently  a  strictly  alpine  im 
Sfiys  Mr.  Walsh.  He  bases  this  assertion  solely  upon  the  stateiiK 
Drs.  Velie  and  Parry,  who  assured  him  that,  in  Colorado,  "  it  bret 
the  mountains,  and  comes  down  into  the  settlements  in  vast  sw 
through  the  canons,  or  deep  perpendicular  cuts,  leading  from  the  ii 
tains  to  the  more  level  country."  Mountain  valleys,  witli  a  soui 
exposure,  will,  however,  breed  animals  which  perhaps  could  not  ei 
the  rigors  of  the  open  plain,  so  that  this  evidence  lacks  suflici 
Moreover,  we  have  two  facts  of  a  difterent  nature — first,  that 
regions  outside  the  natural  limits  of  the  range  of  this  pest  are  inv 
the  inclemency  alone  of  a  succeeding  spring  can  i)revent  the  ep 
newly  hatched  young  from  coming  to  maturity;  secondly,  that  the  i 
has  often  bred,  year  after  year,  in  a  region  south  of,  and  much  m 
than  Kansas  and  Nebraska,  viz.  Central  Texas.  The  actual  limiti 
of  its  natural  abode  I  do  not  know,  nor  have  we  as  yet  sufficient 
for  a  reasonable  hypothesis.  Indeed,  we  ought  to  be  supi)lied  wi 
extensive  series  of  simultaneous  observations  made  over  the  wh 
the  ravaged  districts,  stating  the  exact  time  and  direction  of  each  1 
and  the  direction  of  the  wind  at  the  time.  By  collating  these  da 
might  be  al)le  to  arrive  fit  some  clear  conclusions  concerning  the 
nal  habitation  of  the  species.* 

•Since  this  article  left  my  bands,  Mr.  Walsh  has  reiterated  his  arjjnnients. 
great  deal  of  force  and  originality,  in  the  American  Entomologist,  Vol.  I,  pp. 
and  in  his  First  Annnal  Report  on  the  Noxious  Insects  of  the  8tate  of  Illinc 
8*2-10;?.  Tlie  former  artichi,  however,  hsi«  hronglit  out  the  adverse  s'atement  < 
ohs(»rvers  in  Colorado,  the  seat  of  the  grasshojipers,  (see  American  Kntomologi 
1)4-95,)  one  of  whom,  Mr.  Byers,  states  exjdicitly  that  it  is  "common  to  i 
western  or  rainhsfi  region,  one-third  (»f  the  United  States,  hue  its  hreeding-pl 
upon  the  hot,  parched  plains  and  tahle-lands,  from  four  to  six  thousand  feet  alM> 
sea,  instead  of  in  the  canons  of  the  mountains.  The  greater  the  heat  the  mur 
Honribh." 
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A  tbird  species  of  grasshopper,  unnamed  as  yet,  belonging  to  the  genus 
(Edipoday  appears  to  be  the  insect  which  has  ravaged  the  cultivated  dis- 
tricts of  California  and  Oregon,  and  the  neighboring  States  and  Terri- 
tories; it  probably  ranges  over  the  whole  extent  of  country  west  of  the 
Kocky  Mountains  and  included  within  the  limits  of  the  United  States. 
Mr.  A,  S.  Taylor,  in  one  of  his  articles  in  the  California  Farmer,  subse- 
quently communicated  to  the  Smithsonian  Institution  and  published  in 
their  Report  for  1858,  describes  the  grasshopper  as  found  near  jVIonterey, 
and  it  is  doubtless  the  migratory  species  which  ravaged  the  State.    It  is 
a8i)eciesof  (Edlpoda,  which,  from  the  devastating  nature  of  its  ravages, 
maybe  called  (Edipoda  atroxj  or  the  terrible  grasshopper.*    To  the  best 
of  my  knowledge,  it  is  the  only  species  of  the  genus  which  has  anywhere 
proved  seriously  and  persistently  injurious  to  crops.    Several  sjiecies  of 
the  closely  allied  genus  Pachytylus  have  ravaged  the  fields  of  Eastern 
Europe  and  Asia;  and  it  is  interesting,  in  a  zoological  point  of  view,  to 
find  that  California,  whose  insect  fauna  bears  a  much  more  general  resem- 
blance to  the  peculiar  types  of  the  Old  World  than  to  those  character- 
istic of  the  opposite  border  of  the  New  World,  should  in  this  case  also 
harbor  a  devastating  grasshopper  so  much  more  nearlj^  allied  to  the  de- 
structive  species  of  the  Mediterranean  than  to  those  found  upon  the  same 
continent  with  itself. 

For  the  elucidation  of  the  history  of  these  three  species,  and  to  show 
the  similarity  of  their  devastations,  I  have  brought  together  all  the 
original  matter  I  could  obtain,  as  well  as  a  few  already  published  state- 
meuts,  and  will  present  them  under  the  heading  of  each  species. 

A. — Caloptenus  femue-rubrum,  Burmeister. 

Its  ravages  in  New  England. — Although  the  ravages  of  locusts  in 
America  are  not  followed  by  such  serious  consequences  as  in  the  Eastern 
Continent,  yet  they  are  sufficiently  formidable  to  have  attracted  atten- 
tion, and  not  unfrequently  have  these  insects  laid  waste  considerable 
tracts,  and  occasioned  no  little  loss  to  the  cultivator  of  the  soil.  Our 
salt-marshes,  which  are  aecounted  among  the  most  productive  and  val- 
uable of  our  natural  meadows,  are  frequented  by  great  numbers  of  the 
small  red-legged  species,  (Acrydium  femurruhrum,)  intermingled  occa- 
sionally with  some  larger  kinds.    These,  in  certain  seasons,  almost  en- 

*We  Hnbjoin  a  description  of  this  species: 

CEdik>da  atrox,  nov.  sp. — Head  uuiform,  pale  brownish  yellow;  the  raised  edge 
of  the  vertex  dotted  with  fuscous ;  a  dark  fuscous  spot  behind  the  eye,  broadeuiuff 
^steriorly,  but  not  extending  upon  the  pronotum.  Antenuoe  as  long  as  the  head  and 
>ronotnm' together,  dull  honey -yellow,  growing  dusky  toward  the  tip.  Pronotum  dark- 
7^wui8h  yellow,  iihe  sides  darker  anteriorly;  median  carina  extending  the  whole 
length  of  the  pronotum,  moderately  raised,  cut  once  by  a  transverse  line  a  little  in 
advance  of  the  middle;  lateral  carina)  i>romiuent,  extending  across  the  anterior  two- 
Jhirds  of  the  pronotum;  anterior  border  of  the  pronotum  smooth,  very  slightly  angu- 
l^ted;  i>o8terior  border  delicately  marginate,  bent  at  a  very  little  more  than  a  right 
*^gle,  the  apex  rounded;  tegmina  dull-yellowish  on  the  basal  half,  with  distinct  tna- 
J0U8  spots ;  toward  the  apex  obscurely  fuscous,  with  indistinct  fuscous  markings ; 
juuieral  ridge  yellowish,  and,  when  the  tegmina  are  in  repose,  inclosing  a  brownish 
fii8cou8  triangular  stripe;  the  spots  are  scattered  mostly  in  the  median  field, consisting 
l^  the  basal  two-tifths  of  the  tegmina  of  small  roundish  spots  and  one  larger  longitudinal 
*pot  iu  the  middle  of  the  basal  half;  there  is  a  large  irn»gular  spot  in  the  middle  of  the 
J^gniiua,  and  beyond  a  smaller  transverse  spot,  followed  l)y  indistinct  markings ;  wings 
uyaline,  slightly  fuliginous  at  the  extreme  tip ;  the  veins,  especially  in  the  apical  half, 
^uscouh;  lees  uniform  brownish  fuscous;  apical  half  of  spines  of  hind  tibi;e  black. 

Length  of  body,  0.9  inch ;  of  tegmina,  0.9  inch ;  of  body  and  tegmina,  1.123  inches  ;  of 
prouotum,  0.2  incli ;  of  hind  femora,  0.5  inch. 

It  bears  a  strong  resemblance  to  iEdipoda peUmidaj  Scudd.,  common  in  Northern  New 
lingland. 
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tirely  consume  the  grass  of  these  marshes,  from  whence  they  then  talje 
their  course  to  the  uphiuds,  devouring,  iu  their  way,  grass,  corn,  and 
vegetables,  till  checked  by  the  early  frosts,  or  by  the  close  of  the  nat- 
ural term  of  their  existence.  When  a  scanty  crop  of  hay  has  bwn 
gathered  from  the  grounds  which  these  puuy  pests  have  ravaged,  it 
becomes  so  tainted  \Vith  the  putrescent  bodies  of  the  dead  locusts  con- 
tained in  it  that  it  is  rejected  by  horses  and  cattle. 

At  various  times  they  have  appeared  in  great  abundance  in  different 
parts  of  New  England.  It  is  stated  that,  in  Maine,  during  dry  seasons 
they  often  appear  in  great  multitudes  and  are  the  greedy  destroyers  of 
the  half-parched  herbage.  In  1740  and  1754  they  were  very  numerousand 
voracious;  no  vegetables  escaped  these  greedy  troops;  they  even  de- 
voured the  potato  tops;  and  in  1743  and  1756  they  covered  the  wbole 
country  and  threatened  to  devour  everything  green.  Indeed,  so  great 
was  the  alarm  they  occasioned  among  the  people,  that  days  of  fasting 
and  prayer  were  appointed  on  account  of  the  threatened  calamity.  The 
southern  and  western  parts  of  New  Hampshire,  the  northern  and  eastern 
parts  of  Massachusetts,  and  the  southern  part  of  Vermont,  have  been 
overrun  by  swarms  of  these  grasshoppers  and  have  suffered  more  or 
less  from  their  depredations. 

Among  the  various  accounts  which  I  have  seen,  the  following, 
extracted  from  the  Travels  of  the  late  President  Dwight,  seems  to  l)e 
the  most  full  and  circumstantial : 

Bennington,  Vennont,  and  its  neighborhood,  have  for  some  time  past  been  infesteil 
by  grasbhoppers  of  a  kind  with  which  I  had  before  been  unacquainted.  At  least, 
their  history,  as  given  by  respectable  persons,  is  in  a  great  measure  novel.  They 
appear  at  different  periods,  in  different  years:  but  the  time  of  their  continuance  seeuis 
to  be  the  6anie.  This  year  (1798)  they  came  four  weeks  earlier  than  in  1797,  and  disap- 
l>eared  four  weeks  sooner.  As  I  had  no  opportunity  of  examining  them,  I  cannot  de8cril)e 
their  form  or  their  size.  Their  favorite  food  is  clover  and  maize.  Of  the  latter  tbt-y 
devour  the  part  which  is  called  the  silk,  the  immediate  means  of  fecundating  the  ear, 
and  thus  i>revent  the  kernel  from  coming  to  perfection.  But  their  voracity  extends  to 
almost  (^very  vegetable,  even  to  the  tobacco  plant  and  the  burdock.  Nor  are  they 
confined  to  vegetables  alone.  The  garments  of  laborers,  hung  up  iu  the  field  while 
they  are  at  work,  these  insects  destroy  in  a  few  hours;  and  with  the  same  voracity 
they  dt^vour  the  loose  particles  which  the  saw  leaves  upon  the  surface  of  pine  boards, 
and  which,  when  separated,  are  termed  saw-dust.  The  appearance  of  a  board  fence, 
from  which  the  particles  had  been  eaten  in  this  manner,  and  which  I  saw,  was  novel 
and  singular ;  and  seemed  the  result,  not  of  the  operations  of  the  plane,  but  of  attri- 
tion. At  times,  particularly  a  little  before  their  disappearance,  they  collect  in  clonds, 
rise  high  in  the  atmosphere,  and  take  extensive  flights,  of  which  neither  the  cause  nor 
the  dire<;tion  has  hitherto  lieen  discovered.  I  was  authentically  informed  that  some 
pc^rsons  employed  in  raising  the  steeple  of  the  church  in  Williamstown,  were,  while 
standing  near  the  vane,  covered  by  them,  and  saw,  at  the  same  time,  vast  swarms  of 
them  flying  far  above  their  heads.  It  is  to  be  observed,  however,  that  tbey  customar 
rily  return  and  perish  on  the  very  ground  which  they  have  ravaged. 

Through  the  kindness  of  the  Rev.  L.  W.  Leonard,  of  Dublin,  New 
Hampshire,  I  have  been  favored  with  specimens  of  the  destructive 
locusts  which  occasionally  appear  in  that  part  of  New  England,  aud 
which,  most  probably,  are  of  the  same  species  as  the  insects  mentioned 
by  President  Dwight.  They  prove  to  be  the  little  red-legged  locust^ 
whose  ravages  on  our  salt-marshes  1  have  already  recorded. 

In  the  summer  of  1838,  the  vicinity  of  Baltimore,  Maryland,  was 
infested  by  insects  of  this  kind ;  and  I  was  informed  by  a  young  gen- 
tleman from  that  place,  then  a  student  in  Hars'ard  College,  that  they 
were  so  thick  and  destructive  in  the  garden  and  grounds  of  his  father, 
that  the  negroes  were  employed  to  drive  them  from  the  garden 
with  rods;  and  in  this  way  they  were  repeatedly  whipped  out  of 
the  grounds,  leaping  and  flying  before  the  extende<l  line  of  castiga- 
tors  like  a  flock  of  fowls.    Some  of  these  insects  were  brought  to  me  by 
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the  same  gentleman,  on  bia  return  to  tbe  university,  at  the  end  of  the 
Buiunier  vacation,  and  they  turned  out  to  be  specimens  of  the  red  legged 
locusts  already  mentioneci. — (Dr.  T.  W.  Harris^  in  his  Report  tipon  the 
Insects  of  New  England  Injurious  to  Vegetation,) 

Its  ravages  on  Cape  Cod, — In  some  dry  seasons  within  my.  recollection 
they  have  been  so  numerous  here  as  to  destroy  almost  every  green 
thiug.  I  am  not  able  to  give  the  precise  year  when  their  depredations 
were  committed  ;  fonly  know  that  in  times  of  great  drought  their  rav- 
ages have  been  very  great. — [From  an  account  by  Mr.  F.  Scudder^  Barn- 
stable^ June  22, 1808.) 

Its  ravages  in  Maine. — The  year  1821  or  1822  was  an  unusually  dry 
season  during  the  summer  months.  In  the  earlj-  part  of  the  season 
fires  had  raged  extensively  on  newly  cleared  lands.  In  June  there  ap- 
peared an  immense  number  of  red-legged  locusts  { Acridium  femur  rubrum) 
on  the  fiirin  where  I  then  resided  in  the  town  of  Pownal,  Cumberland 
Couuty,  Maine. 

The  land  is  a  light  sandy  soil,  in  places  merging  into  a  sandy  loam, 
which,  but  a  few  years  before,  had  supported  a  dense  growth  of  spruce 
and  hemlock ;  this  had  been  burned  over,  leaving  the  ground  covered 
with  a  heavy  scurf  of  vegetable  matter.  It  was  ai)parently  in  this  scurf 
that  the  locusts  had  laid  their  eggs  the  previous  year. 

During  the  haying  season  the  weather  was  dry  and  hot,  and  these 
hungr>-  locusts  stripped  the  leaves  from  the  clover  and  herdsgrass,  leav- 
ing uotliing  but  the  naked  stems.  In  consequence,  the  hay  crop  was 
seriously  diminished  in  value.  So  ravenous  had  they  become  that  they 
would  attack  clover,  eating  it  into  shreds.  Rake  and  pitchfork  handles, 
made  of  whitewash,  and  worn  to  a  glossy  smoothness  by  use,  would  be 
found  nibbled  over  by  them  if  left  within  their  reach. 

As  soon  as  the  hay  was  cut  and  they  had  eaten  evepy  living  thing 
from  the  ground,  they  removed  to  the  adjacent  (irops  of  grain,  com- 
pletely stripping  the  leaves ;  climbing  the  naked  stalks,  they  would  eat 
off  the  stems  of  wheat  and  rye  just  below  the  head,  and  leave  them  to 
drop  to  the  ground.  I  well  remember  assisting  in  sweeping  a  long  cord 
over  the  heiuls  of  wheat  after  dark,  causing  the  insects  to  drop  to  the 
ground,  where  most  of  them  would  remain  during  the  night.  During 
harvest-time  it  was  my  painful  duty,  with  a  younger  brother,  to  pick  up 
the  fallen  wheat  heads  for  threshing;  they  amounted  to  several  bushels. 

Their  next  attack  was  upon  the  Indian  corn  and  potatoes.  They 
8tripi)ed  the  leaves  and  ate  out  the  silk  from  the  corn,  so  that  it  was 
rare  to  harvest  a  full  ear.  Among  forty  or  tifty  bushels  of  corn  spread 
out  in  the  corn-room,  not  an  ear  could  be  found  not  mottled  with  de- 
tached kernels. 

While  these  insects  were  more  than  usually  abundant  in  the  town 
generally,  it  wa«  in  the  field  I  have  described  that  they  appeared  in  the 
greatest  intensity.  After  they  had  stripped  everything  from  the  field 
they  began  to  emigratxi  in  countless  numbers.  They  crossed  the  high- 
way and  attacked  the  vegetable  garden.  I  remember  the  curious  ap- 
pearance of  a  large  flourishing  bed  of  red  onions,  whose  tops  they  first 
literally  ate  up,  and,  not  content  with  that,  devoured  the  interior  of  the 
t)ulh8,  leaving  the  dry  external  covering  in  place.  The  provident  care 
of  my  mother,  who  covered  the  bed  with  chatt*  from  the  stable  floor,  did 
Jiot  save  them,  while  she  was  complimented  the  next  year  for  so  suc- 
cessfully sowing  the  garden  down  to  giass.  The  leaves  were  stripped 
from  the  apple-trees.  They  entered  the  house  in  swarms,  reminding 
one  of  the  locusts  of  Egypt,  and  as  we  walked  they  would  rise  in  count- 
less numbers  and  fly  away  in  clouds. 


256        UNITED  STATES  GEOLOGICAL  SURVEY  OF 

As  the  nights  grew  cooler,  they  collected  on  the  spruce  and  hemlock 
stumps  and  log  fences,  completely  covering  them,  eating  the  moss  and 
decomposed  surface  of  the  wood,  and  leaving  the  surface  clean  ami  new. 
They  would  perch  on  the  west  side  of  a  stump  where  they  could  feel  the 
warmth  of  the  sun,  and  work  around  to  the  east  side  in  the  mornin.2:as 
the  sun  reappeared.  The  foot-paths  in  the  fields  were  literally  covered 
with  their  excrements. 

During  the  latter  part  of  August  and  the  first  of  Seiiteraber,  when 
the  air  was  still  dry,  and  for  several  days  in  succession  a  high  wind  pre- 
vailed from  the  northwest,  the  locusts  frequently  rose  in  tlie  air  to  an 
immense  height.  By  looking  up  at  the  sky  in  the  middle  of  a  clear  day, 
as  nearly  as  possible  in  the  direction  of  the  sun,  one  may  descry  a  locust 
at  a  great  height.  These  insects  could  thus  be  seen  in  swarms,  apix'ar- 
ing  like  so  many  thistle-blows  as  they  expanded  their  wings  and  were 
borne  along  toward  the  sea  before  the  wind ;  myriads  of  t!iem  wei"e 
drowned  in  Casco  Bay,  and  I  remember  hear"  r^  that  they  frequently 
dropped  on"  the  decks  of  coasting  vessels.  Cart-loads  of  dead  bodies 
remained  in  the  fields,  forming  in  spots  a  tolerable  coating  of  mauure. 

It  was  an  object  of  curiosity  to  me,  then  a  boy,  to  catch  some  of  the 
largest  locusts,  and  turn  up  their  wings  to  find  the  little  red  parasite 
which  covered  their  bodies ;  this  might  have  done  something  toward 
hastening  their  destruction,  although  it  did  not  prevent  the  ravages  on 
the  crops. 

During  the  years  necessary  to  clear  up  the  forests  on  the  sandy  lands 
in  the  vicinity,  it  was  no  uncommon  thing  to  have  the  crops  seriously 
injured  by  these  locusts,  but  never,  to  my  knowledge,  to  the  extent 
described  above. 

In  response  to  my  special  inquiries  concerning  the  flight  of  these  in- 
sects, my  correspondent  replied  as  follows : 

I  do  not  remember  ever  to  have  witnessed  the  flight  of  these  gi*ass 
hoppers  to  any  extent,  except  during  the  year  mentioned,  and  tlie  pre- 
ceding one.  Nor  do  1  ever  recollect  a  time  when  the  wind  blew  so  steadily 
for  days  in  succession,  from  the  northwest,  generally  rising  soou  after 
mid-day,  and  going  down  with  the  sun.  I  have  no  meteorological  record, 
but  speak  from  memory. 

The  town  of  Pownal  was  principally  settled  after  the  opening  of  the 
present  century.  As  the  lands  were  cleared,  the  Canada  thistle  and  other 
species  sprang  up  in  great  quantities ;  when  thej'  ripened,  the  winds 
spoken  of  as  occurring:  at  that  time  carried  off  immense  numbers  of  the 
thistle-blowsto  the  ocean.  I  was  won t  to  spend  hours  in  my  boyhoofl  lyiu? 
on  the  ground  and  directing  my  eyes  as  near  as  I  could  to  the  sun,  to  watch 
the  thistle-blows  as  they  passed  across  or  near  its  disk.      I  think  I 
could  have  seen  them  in  this  situation  several  hundred  feet  high.    I  in- 
jured my  eyes  permanently  by  indulging  in  this  amusement.     Whetlier 
the  grasshoppers  ever  rose  to  so  great  a  height  I  do  not  know,  but  I 
think  that  they  generally  flew  at  a  lower  level.    ♦    ♦    •    Although 
they  would  rise  in  clouds  as  one  approached  them,  it  was  only  an  occa- 
sional one  that  would  rise  higher,  and  fly  off  before  the  wind,  and  then 
only  when  the  wind  was  blowing  freshly.    They  did  not  fly  with  their 
heads  directly  before  the  wind,  but  seemed  to  rise  in  the  air,  set  their 
wings  in  motion,  and  sufl'er  themselves  to  be  borne  along  by  the  cur- 
rent.   They  generally,  perhaps  always,  rose  in  the  afternoon,  when  the 
sun  was  hot  and  the  wind  blowing  freshly. — (From  (icconntn  furnished  by 
Br.  y.  T.  Trtw,  Bethel,  Maine,  February  28  and  March  10,  1808.) 

Its  ravages  in  Ohio  and  Fenn^v/Ivania. — Mr.  ^chenck,  of  Franklin*, 
Warren  County,  Ohio,  writes  to  the  Ohio  Farmer  that  the  grasshopixMS 
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are  making  their  appearance  in  vast  numbers.  He  says,  "  Last  year 
we  had  millions  of  them ;  this  year  we  have  hundreds  of  millions.''  For 
five  years,  he  says,  they  have  been  increasing  on  his  farm,  and  he  fears 
that  unless  some  means  are  discovered  for  their  destruction  they  will 
totally  ruin  his  own  and  his  neighbors'  clover-lields. 

The  speed  of  the  Central  Railroad  locomotives  is  considerably  decreased 
by  the  immense  swarms  of  grasshoppers  between  Lancaster  and  Phil- 
adelphia. One  engineer  stated  that  his  train  was  forty  minutes  behind, 
owing  to  the  number  of  grasshoppers  on  the  track,  and  that  he  used 
twenty  buckets  of  sand,  which  was  thrown  on  the  rail  in  front  of  the 
driving-wheels,  to  enable  him  to  get  along  at  all.  Improbable  as  this 
story  may  appear,  its  truth  is  vouched  for  by  the  engineer  above  alluded 
to. — {Quoted  by  Mr.  A,  S.  Taylor  in  th^  California  Farmer j  April  22, 1859.) 

B.— Caloptenus  spretus,  Uhler. 

Xotes  upon  Caloptenus  spretus,  Uhler  j  as  observed  during  its  invasion 
of  Western  Iowa  in  August  and  September^  1867. 

By  September  3,  these  grasshoppers  had  reached  the  vicinity  of  Red- 
field,  in  the  central  part  of  Dallas  County,  and  were  sufliciently  numerous 
to  attract  general  attention.  1  first  detected  them  September  1st,  while 
collecting  insects  in  the  afternoon.  The  next  day  they  were  very  com- 
mon, and  on  the  day  succeeding  rose  before  me  in  my  walks  in  swarms. 
At  this  time  I  did  not  notice  their  arrival  in  immense  flights,  but  in 
Guthrie  County,  in  the  valley  of  the  Beaver,  they  were  said  to  have 
appeared  in  myriads  at  about  11  a.  m.,  September  5th,  coming  from  the 
northwest  and  alighting  so  thickly  as  literally  to  cover  the  ground. 
They  gradually  dispersed,  and  after  a  day  or  two  were  much  less  com- 
mon. At  noon  of  the  13th  1  observed  the  lighting  of  an  immense  flight, 
in  the  same  vicinity,  likewise  coming  from  the  northwest.  They  filled 
the  air  quite  thickly,  and,  with  their  wings  glistening  in  the  sunlight, 
resembled  immense  snow  flakes.  Tbeir  progress  was  readily  traced  from 
the  north  and  west,  and  tbeir  origin  was  undoubtedly  Dakota  and 
Nebraska,  where  my  friend  Mr.  O.  H.  St.  John  observed  them  in  abund- 
ance in  the  larval  state,  in  May.  lie  also  noticed  them  at  or  near  Sioux 
City,  and  at  other  points  on  the  Iowa  side  of  the  Missouri  River.  Their 
l)rogres3  eastward  was  gradual:  the^' api)eared  at  Exira,  in  Audubon 
County,  only  forty  or  fifty  miles  vrest  of  Redfleld,  about  August  20th, 
or  nearly  two  weeks  earlier  than  at  the  latter  place. 

After  a  few  dayt'  their  havoc  with  the  vegetation  began  to  be  pain- 
fully apparent;  in  ten  days  they  had  stripped  the  leaves  from  the  corn, 
the  potatoes,  and  the  white-willow  hedges  ;  several  species  of  Ambrosia 
and  Clienopoda  presented  but  bare  stems,  and  even  the  resinous  foliage 
6f  the  Uelianthi  did  not  wholly  escape.  1  was  obliged  at  once  to  sus- 
pend for  the  season  my  herbarial  colltM^tions,  from  tlie  ragged  condition 
of  the  foliage  of  almost  all  si)ecies.  Yet  they  displayed  discrimination 
in  selecting  their  food,  leaving  sorghum  wholly  untouched  while  denud 
ing  maize  growing  by  its  side ;  melons  themselves  were  eagerly  devoured 
while  the  vines  that  bore  them  were  scarcely  mutilated  ;  every  cabbage 
patch  was  quickly  disposed  of;  they  even  attacked  the  ears  of  corn, 
eating  off  the  outer  husks,  and  devouring  an  inch  or  more  of  the  end 
of  the  ear. 

They  commenced  pairing  soon  after  their  arrival,  but  oviposition 
was  delayed  for  some  days.    I  think  the  exact  time  of  this  may  depend 
upon  the  weather,  or  rather  upon  the  condition  of  the  gto\i\iOi.    ^Oit  ^ 
H.  Ex.  19-^17 
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time  after  their  arrival  the  weather  was  intensely  dry — the  culminatioii 
of  a  very  protracted  and  severe  drought.  Although  they  commenced 
pairing  a  week  or  ten  days  previously,  none  were  seen  depositing  their 
eggs  until  the  occurrence  of  a  heavy  rain,  which  moistened  and  of  course 
somewhat  softened  the  hard,  parched  ground.  This  happened  on  the 
17th,  when  oviposition  became  at  once  general,  and  was  being  carried 
on  in  every  favorable  place  when  I  left  the  State,  September  23d. 

For  breeding  sites  they  generally  select  spots  devoid  of  vegetation, 
preferring  paths,  road-sides,  and  other  hard,  bare  gi^ound,  the  compact- 
ness of  the  earth  in  such  places  doubtless  tending  to  preserve  the  eggs 
from  being  crushed,  or  from  disturbances  to  which  in  loose  earth  they 
would  be  liable.  Into  this  hard  ground  the  female,  by  diligent  working, 
inserts  her  somewhat  extensible  abdomen  its  whole  length,  making  a 
cylindrical  cavity  about  an  inch  and  one-half  in  depth.  At  the  bottom 
of  this  the  eggs  are  laid ;  they  form  a  mass  three-fourths  of  an  inch  to 
an  inch  in  length,  and  about  one-fourth  of  an  inch  in  diameter.  The 
eggs  are  elongated,  fifteen  to  twenty-five  in  number,  and  when  first  laid 
are  of  a  light  yellow  color,  which  soon  deepens  almost  to  an  orange. 
Around  the  eggs  a  quantity  of  white  or  light-pinkish  frothy  substance 
is  deposited,  which  soon  hardens  to  form  a  compact  egg-case.  Usually 
the  hole  is  filled  with  it,  the  summit  of  the  egg-case  being  about  half  an 
inch  or  more  below  the  surface.  Ordinarily  tbe  holes  are  nearly  vertical, 
but  sometimes  more  or  less  inclined.  During  oviposition,  as  at  other 
times,  these  grasshoppers  are  eminently  gregarious;  ever^-  bare  space  of 
ground  of  considerable  size  is  completely  covered  with  them,  and  each 
square  inch  made  the  receptacle  of  several  clusters  of  eggs ;  the  suiface 
of  the  ground  appears  thickly  perforated  with  small  holes. 

It  is  difficult  to  give  a  just  conception  of  their  numbers.  Any  one 
who  has  once  seen  them  would  feel  no  surprise  in  hearing  of  locomotives 
stopped  in  rising  grades  by  their  abundance  on  the  rails,  as  actually 
happened  in  Iowa.  The  tires  of  ordinary  vehicles  were  covered  with 
their  crushed  remains,  while  it  was  impossible  to  walk  without  treading 
upon  them;  swine  feasted  upon  them,  especially  when  they  were  slightly 
stiffened  by  cold  in  the  early  morning ;  hazel  and  other  slender  bushes 
I  have  seen  bending  under  their  weight ;  and  closely-giazed  hillsides 
appeared  as  white  as  though  sown  with  plaster  from  the  glistening  of 
their  wings.  They  were  most  partial  to  cultivated  districts;  the  vicinity 
of  valleys  along  the  streams  was  next  in  favor.  On  the  high,  broad, 
wild  prairie  they  were  rarely  met  with,  and  1  never  sav/  them  in  such 
places  in  numbers  sufficient  to  attract  attention. 

I  left  the  invaded  district  too  soon  to  state  their  durn>:on.  At  Xew 
Jelferson,  in  Greene  County,  September  22,  I  saw  immense  numbers  in 
the  air,  as  though  new  accessions  were  coming ;  at  the  same  time  the 
ground  was  thickly  strewn  with  the  dead.  Ai)parently  they  live  but  4 
very  short  time  after  depositing  their  eggs.  So  i'nr  as  1  could  learn, 
they  did  not  proceed  eastward  l)eyond  the  middle  of  the  State. 

Two  other  invasions  of  Western  Iowa  by  immense  numbers  of  a  mi- 
gratory grasshopper — probably  this  same  species — have  occurred  since 
its  settlement:  one  three  years  ago,  when  they  only  devastated  the 
western  tier  of  counties ;  the  other  ten  years  previous  to  that,  when 
they  swept  over  the  entire  State,  although,  from  all  accounts,  in  less 
numbers  than  recently.  In  both  cases  they  deposited  their  eggs,  and 
greatly  terrified  the  inhabitants  by  their  prospective  abundance.  In 
both  cases  the  eggs  were  hatched  during  the  following  spring,  but  while 
the  larva*  were  very  young  cold  rains  came  on  and  destroyed  them  all. 
Hence  this  spring  the  farmers  of  Iowa  \way  \u  like  manner  be  relieved 
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of  thera;  if  not,  their  ravages  diiriug  the  coming  summer  must  be  fear- 
ful. It  was  the  universal  testimony  that  this  species  of  giasshopper  is 
not  ordinarily  seen  in  Iowa.  Indeed,  nearly  every  one  with  whom  I 
conversed  claimed  never  to  have  seen  it  before. — {From  an  account  fur- 
nished by  Mr.  J,  A.  Allen^  Cambridge^  Massachusetts.  March  10, 1808.) 

Its  ravages  in  British  America, — Three  kinds  of  grasshopi)ers  made 
their  appearance  here  in  1864  and  18G5 :  1st,  a  grasshopper  yellow  on 
the  belly,  and  about  three  inches  in  length,  stout  in  i)roportiou.  From 
one'  of  these  I  pressed  out  as  many  as  one  hundred  eggs ;  there  were 
very  few  of  this  species,  [probably  QJJdipoda  corallipes,  II aid.,  which 
occurs  at  Red  Ei  ver.]  2d,  a  grasshop[)er  one  and  one-half  inches  in  leugth 
with  two  yellow  stripes,  commenpiug  at  the  antennae  and  runniug  down 
on  the  upi>er  wings,  meeting  at  the  tips  when  the  wings  are  closed.  I  have 
dug  up  some  of  their  nests  and  found  sixty-two  eggs  in  one,  and  as 
many  as  seventy-two  in  another;  this  species  was  not  very  numerous. 
[Caloptenus  bivittatus,  Uhler.]  3d,  the  kind  which  I  now  forward,  [Ca- 
Iqptenus  spretus^  Uhl.j  The  male  is  one  inch  in  length  ;  the  female  from 
one  and  one-fourth  to  one  and  one-half  inches  in  length  ;  they  deposit 
from  twenty  to  thirty -one  or  thirty-two  eggs  in  a  nest.  They  visited 
here  in  1857,  laying  their  eggs  in  great  numbers,  in  the  Assinniboiu 
region,  destroying  the  crops  of  1858.  In  1804  and  18C5  they  came  again 
in  swarms  and  destroyed  many  tields.  The  eggs  deposited  in  1805  pro- 
duced their  young  from  the  20th  of  May  to  the  10th  of  June,  and 
moulted  for  the  last  time  from  the  20th  of  July  to  the  10th  of  August ; 
a  few  days  after  they  tied  away.  On  the  12tli  of  last  August  (1807) 
they  fell  in  immense  numbers,  swarm  following  swarm,  until  late  in 
September ;  as  soon  as  they  fell  they  commenced  the  work  of  reproduc- 
tion, which  they  continued  during  August  and  September,  and  the  first 
week  of  October ;  this  labor  performed,  they  took  their  flight  to  the 
south.  A  correspondent  at  Carleton  House,  on  the  Saskatchewan  Kiver, 
in  speaking  of  these  grasshoppers,  says,  '*The  day  in  which  you  say 
they  made  their  appearance  at  Eed  River,  (August  12,  1807,)  I  left 
Carleton  House  for  Fort  Pit,  (on  the  north  branch  of  the  Saskatchewan 
River,)  and  all  along  the  route  they  were  very  numerous;  about  the 
latter  end  of  August  they  were  flying  south  in  great  numbers.^^  They 
also  occurred  last  autumn  at  Fort  Telly,  in  the  Swan  River  district, 
(near  the  head-waters  of  the  Assiniboin,)  and  they  have  doubtless 
deposited  their  eggs  in  all  the  barren  ground  (prairie)  between  Fort  Pit 
and  Red  River.  They  did  not  extend  to  the  Winnipeg  River,  but  myriads 
of  them  were  drowned  in  Lakes  Mantowaba  and  Winnipeg. — (From  a 
letter  of  Mr.  Donald  Ounn^  Red  Hiver^  April  17,  1808.) 

Its  ravages  in  Xebrasla. — The  last  day  of  August,  1800,  near  the 
middle  of  the  afternoon,  (piite  a  number  of  grasshoi)pers  were  seen 
alighting,  and  that  number  rai)idly  increased  till  a  little  before  sunset. 
The  next  morning  they  appeared  much  thicker,  but  were  only  so  from 
having  crawled  more  into  the  open  air  to  suu  themselves.    About  9 
o'clock  they  began  to  come  thicker  and  faster  from  a  northerly  direction, 
swarming  in  the  air  by  myriads,  and  making  a  roar  like  suppressed,  dis- 
tant thunder.    By  looking  well  up  to  the  sun  they  could  l)e  seen  to  good 
advantage,  and  could  be  seen  as  high  as  the  eye  could  discover  an  object 
80  small,  in  appearance  like  a  heavy  snow-storm,  each  hopper  very  much 
like  a  very  large  flake,  save  that  it  passed  by  instead  of  falling.    The 
number  was  beyond  imagination — the  leaves  of  the  timber  in  this  sec- 
tion of  the  Territory  would  be  but  little  in  comparison.    The  air  was 
literally  full  of  them,  and  continued  so  till  along  in  the  afternoon,  when 
the  air  was  free  of  them ;  countless  millions  having  \vaiaS<^v!L  o\i,\vi^N\w% 
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other  countless  millions  covering  the  earth  to  devour  vegetation.  Sun- 
day and  Monday  being  cloudy  and  damp,  they  contented  themselves  by 
devouring  every  eatable  thing  that  came  in  their  way ;  but  Tuesday 
brought  a  repetition  of  the  scene  of  Saturday.  Since  then  they  have  not 
flown  so  much,  and  at  this  writing  there  are  millions  of  them  in  this  neigh- 
borhood, fortunately  working  their  way  a  little  east  of  south.        •       • 

Their  present  visitation  may  be  for  some  good,  but  I  am  too  blind  to 
see  it.  Their  ravages  here  have  drawn  down  many  a  hearty  yet  uncouth 
expression  of  disgust  and  hate  from  honest  and  hard-working  farmers. 
Go  into  the  gardens  and  see  them  stripped  of  nearly  every  vestige  of 
vegetation,  both  stock  and  fruit ;  go  into  the  field  and  see  the  vines  of 
all  sorts  stripped  of  all  their  leaves,  and  eaten  to  the  ground;  goaiid 
see  the  corn,  as  completely  naked  as  if  some  violent  storm  had  torn 
every  blade  from  the  stalks,  leaving  it  looking  like  a  lot  of  degen- 
erate hoop-poles ;  go  into  the  orchards  and  timber,  and  see  many  of  the 
smaller  trees,  especially,  almost  bare,  the  leaves  having  been  devoured 
by  these  ravaging  creatures.  Many  a  sad  sight  and  many  a  downc»^ 
countenance  now  fill  the  roll. — (Mr,  S,  C,  Maxima^  quoted  by  Mr.  B.  D, 
Walsh  in  the  Prax'tical  Entomologist^  October ,  1866.)' 

Jte  ravages  in  Kansas. — The  grasshoppers  sent  herewith  are  popularly 
known  as  the  ''Mormon,"  "  Western,"  or  "Colorado"  grasshopi)er.  Last 
month  they  made  their  appearance  in  the  frontier  settlements  of  Kansas 
iind  Nebraska.  Today  I  Avas  expecting  specimens  to  send  you,  and 
they  came — not  a  pill-box  full,  but  in  clouds.  As  high  as  the  eye  could 
reach,  the  air  was  filled  with  them;  and  they  came  down  glittering  in 
the  sunlight  like  huge  flakes  of  snow,  and  at  once  commenced  their 
vocation  of  destroying  every  green  thing.  Indian  com,  however,  seems 
their  favorite  food,  and  they  promise  to  be  as  destructive  to  it  as  their 
neighbors,  the  spearmen,  (DorypJwra  decemlineata,)  have  been  to  the 
potato.  On  the  Nemaha  the  late  corn  has  been  entirely  destroyed  by 
them.  Even  where  some  men  hastily  cut  up  and  shocked  their  com,  the 
grasshoppers  continued  their  depredations  until  only  the  bare  stalk 
remained.     Wheat,  when  sown,  was  eaten  up  if  left  uncovered. 

In  many  places  the  ground  is  fairly  honey -combed  by  their  egg-cells, 
which  are  from  three-tenths  to  five-tenths  of  an  inch  in  depth.  The 
common  length  of  the  egg-cells  is  one  and  three-tenths  of  an  inch;  but 
by  calling  on  a  number  of  boys  for  a  large  one  and  a  small  one,  I  found 
the  extremes  to  be  one  and  six-tenths  and  nine-tenths  of  an  inch. — (Pro- 
fessor W.  I.  Robertson^  quoted  by  Mr.  B.  D.  Walsh  in  tlie  Practical  Ento- 
mologist^ October,  186(>-) 

Its  ravages  in  Minnesota. — For  two  years  in  succession — in  1856  and 
1857 — the  grasshoppers  destroyed  our  crops,  and  many  resolved  then 
to  keep  two  years'  supply  of  produce  on  hand  afterward.  One  fact  I 
noticed :  although  they  ate  the  bark  from  saplings  and  consumed  our 
corn,  tobacco,  &c.,  ate  holes  in  clothes  hanging  out  to  dry,  and  destroyed 
boots  and  shoes  when  they  lit  on  them  in  the  house,  yet  pease  they 
avoided,  and  it  was  an  odd  sight  to  see  the  fields  stripped-even  of  the 
weeds,  and  the  pea  patch  left  undisturbed. — (Mr.  0.  H.  Kelley  in  ths 
Country  Oentleman,  quoted  by  Mr.  B.  D.  Walsh  in  the  Practical  Entomo- 
hgistj  October,  1866.) 

•    C— (Edipoda  ateox,  Scudder. 

Its  ravages  on  the  Pacific  coast — The  Sacramento  Union  of  the  same 
date  (July,  1855)  states  that  the  "  most  remarkable  circomstance  we 
have  ever  been  called  on  to  notice  in  this  locality  was  the  flight  of 
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the  grasshoppers  on  Saturday  and  yesterday.  For  about  three  hours,, 
in  the  middfe  of  the  day,  the  air,  at  an  elevation  of  about  two  hundred 
feet,  was  literally  thick  with  them,  flying  in  the  direction  of  Yolo. 
They  could  be  the  more  readily  perceived  by  looking  in  the  direction  of 
the  sun.  Great  numbers  fell  upon  the  streets  on  Saturday,  absolutely 
taking  the  city  by  storm,  and  yesterday  they  commenced  the  wholesale 
destruction  of  everything  green  in  the  gardens  of  the  neighborhood. 
Their  flight  en  masse  resembled  a  thick  snow-storm,  and  their  depreda- 
tions the  sweep  of  a  scythe." 

The  Shasta  Courier,  printed  in  the  Northern  Sacramento  Mountains, 
remarks  that  "on  JVednesday  last  (September  19,  1855)  an  immense 
flight  of  grasshoppers  passed  over  this  place,  flying  westward.  The 
greater  portion  of  them  flew  very  high,  and  could  only  be  seen  by 
shading  the  eyes^  from  the  sun.  They  were  as  thick  in  the  heavens  as 
flakes  of  snow  in  a  winter's  storm." 

The  Sacmmento  Valley  papers  mention  that  whole  orchards,  gardens, 
»nd  vineyards  have  been  consumed  by  them.  Entire  fields  of  young 
grain,  of" crops  and  vegetables,  have  been  eaten  up  within  the  space 
of  a  single  day,  leaving  the  ground  like  a  wilted,  blackened  desert.  In 
some  parts  of  the  valley  they  annoyed  the  passengers  and  horses  of  the 
public  stages  to  such  an  extent  as  to  cause  the  greatest  inconvenience, 
and  appear  in  some  cases  to  have  positively  endangered  human  life. 

A  gentleman  who  resided  in  Colusa  County,  in  the  Sacramento  Val- 
ley, in  the  summer  of  1855,  informs  me  that  these  insects  appeared  to 
rise  out  of  the  eastern  boundaries  of  the  valley,  where  it  is  hot,  dry, 
and  sandy,  and  that  on  some  days  they  filled  the  air  so  as  to  obscure 
the  sun.    They  consumed  all  garden  vegetables,  the  leaves  and  bark  of 
the  elder-tree,  and  the  young  leaves  and  bark  of  the  small  branches  of 
the  cotton-wood  and  willow,  and  even  the  soft,  green  parts  of  the  tules 
or  bullrushes.    In  Stony  Creek,  in  the  same  county,  their  dead  bodies 
were  seen  at  one  time  completely  covering  the  surface  of  the  water  for 
miles  in  extent.    In  some  parts  of  this  valley  they  ate  through  gauze 
and  textile  coverings  of  all  kinds,  w  hich  had  been  used  to  shield  ani- 
mals and  plants  from  their  attacks. — (Mr,  A.  8,  Taylor  in  the  Smithsonian 
Report  for  1858,  and  in  part  in  the  California  Farmer^  January  15,  1858.) 
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EXPLANATIONS   OF  PLATE  I. 


Pago. 

1.— CaMPOPIIYLLUM  TORQinUM 145 

la.  A  nearly  straight  part  of  a  large  specimen,  incomplete  at  both  ex- 
tremities, slightly  reduced  in  size.    (Rock  Bluff.) 

1&.  A  smaller  flexuous  specimen,  side  view,  showing  also  the  calice  with 
its  margins  broken  away ;  one-eighth  diameter  less  than  natural 
size.    The  cpitheca  is  eroded  in  places  so  as  to  expose  the  septa. 

Ic.  A  small  specimen  showing  the  calice  nearly  complete,  with  a  small 
septal  ibssula  above,  and  a  round  central  depression. 

1^/.  Transverse  section  of  the  large  specimen,  showing  the  two  sets  of 
septa,  the  thin  dissepiments  between,  and  the  central  area  occu- 
pied by  the  smooth  tabulae.  The  short  septum  above  indicates 
the  position  of  the  fossula. 

2. — FUSULINA  CYLINDRICA 140 

A  small  portion  of  the  weathered  surface  of  limestone  from  Plattsmouth, 
almost  entirely  composed  of  these  little  foraminiferous  shells ; 
the  figure  being  slightly  reduced  in  size. 

3.— Erisocrinus  typus 146 

'3a.  View  of  under  side  of  the  cup,  slightly  reduced  in  size,  and  showing 
the  small  basal,  larger  subradial,  and  first  primary  radi^  pieces. 
36.  A  side  view  of  the  same. 

4. — Fkxestella,  sp 152 

4a.  A  portion  slightly  reduced  from  Pi-ofessor  Geinitz's  figure  repre- 
senting the  natural  size. 
45.  Non-poriterous  side  a  little  reduced  from  Professor  Geiuitz's  magni- 
fied figure  of  same. 

5. — Syrinoopora  multattenuata 144 

5a.  A  small  portion,  one-eighth  diameter  less  than  natural  size,  showing 
the  wrinkled,  rather  flexuous  corallites  with  their  connecting 
tubes. 
56.  A  transverse  section  of  a  portion  of  the  corallum  -where  the  coral- 
lites are  rather  widely  separated ;  one-eighth  diameter  less  than 
natural  size, 
5c.  Transverse  section  of  one  of  the  corallites  magnified  so  as  to  show 
the  very  short  septa  around  the  wall,  and  sections  of  the  irregular 
tabulffi  within. 
bd.  Longitudinal  section  of  a  portion  of  two  of  the  corallites,  a  little 
magnified,  showing  the  oblique  irregular  tabulae. 

6. — ^Arch^ocidaris  t  triserrata 151 

(ki.  Part  of  a  primary  spine,  convex  side,  magnified  a  little  less  than 
two  diameters,  and  showing  the  lateral  serrated  margins  with 
three  mesial  rows  of  little  crenated  ridges, 
65.  The  opposite  side  of  another  specimen,  magnified  slightly  less  than 
two  diameters,  showing  a  mesial  and  two  lateral  serrated  carinse. 
6c.  A  portion  of  the  articulating  end  of  the  same,  enlarged  about  four 
diameters,  to  show  its  milled  ring  and  minute  longitudinal  striae. 

g.  7.— Terebratula  bovidens 187 

7a.  A  medium -sized  specimen,  profile  view. 

75  &  c.  Dorsal  and  ventral  views  of  same. 

7d.  Side  view  of  a  larger  specimen  from  Kansas. 

ig.  8.— Orthis  carbonaria 173 

8a.  Ventral  view  of  a  rather  large  specimen  slightly  less  than  uatural 

size. 
85.  Dorsal  view  of  same. 
8c.  Outline  profile  view  of  same. 

^»g.  9.— Rhynchonella  Osagensis 179 

9a.  Dorsal  view  of  an  internal  cast,  nearly  natural  size. 
^.  95.  Ventral  view  of  same,  showing  it  to  be  a  true  Rhynchonella, 

?ig.  10.— Chonetes  Verkeuiliana 170 

lOa.  The  usual  form,  and  a  little  less  than  the  natural  size,  of  the  ByecifiA. 
105.  Another  specimeD  uDuenally  extended  on  the  binge  Une. 
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2  EXPLANATIONS   OP   PLATE   I. 

Fig.  11. — Spirifeb  (Martinia)  planoconvexus 1^ 

11a.  Dorsal  view,  maguified  a  little  less  than  two  diameters. 
116.  Oatline  profile  view  of  same. 

Fig.  12. — AtHYRIS  8UBTILITA 1^ 

A  rather  large,  well-developed  specimen,  dorsal  view. 
Fig.  13. — Retzia  (Eumetria)  punctulifera 181 

Dorsal  view,  magnified  rather  less  than  two  diameters. 
Fig.  14. — ^Productus  pertenuis 164 

14a.  View  of  a  cast  of  the  ontsido  of  the  concave  or  dorsal  valve,  one- 
eighth  diameter  less  than  natural  size. 

146.  View  of  outside  of  ventral  valve  of  another  specimen  about  natu- 
ral size. 

14c.  Section  in  outline  of  the  two  valves  united,  showing  the  distinct 
concavity  of  the  dorsal  valve. 

foreign  species  for  comparison. 

Fig.  15. — Camarophoria  Schlotheimi 179 

An  internal  cast  (slightly  reduced  in  size  from  Professor  King's  fignre), 
showing  (at  a)  the  cast  of  the  ix)8tral  chamber,  separateid  by 
the  deep  slit  on  each  side  left  by  its  walls.  For  comparison  with 
Fig.  96,  in  which  there  are  no  traces  of  the  walls  of  sucli  a 
chamber. 

Fig.  16. — Productcs  cancrini 165 

16a  &.  6.  Posterior  and  lateral  views,  slightly  reduced  from  de  VerDeoil's 
figure ;  for  comparison  with  Fig.  14.* 


EXPLANATIONS    OF    PLATE    II. 


Page. 
Fig.     1. — FUSULINA  CYUNDRICA 140 

A  fragment  of  limestone,  showing  sections  of  Fuaulinaf  one-eighth  di- 
ameter less  than  natural  size.    (Rock  Bluff.) 
Fig.    2.— Productus  Nebrascensis 165 

A  cast  of  the  interior  of  a  ventral  valve  (reduced  one-eighth  di- 
ameter in  size)  as  seen  when  broken  from  a  hard  limestone 
matrix,  so  as  to  leave  the  shell  and  spines  in  the  latter.  (Bellevue.) 

Fig.     3. — SPnUFER  LINEATUS  ?• 

3a.  Dorsal  view  of  a  small  specimen  of  the  shell  divested  of  its  minute 

hair-like  spines. 
36.  Same,  cardinal  view.    (Platte  River.) 

Fig.    4. — Terebratula  bovidens 187 

4a.  Dorsal  view  of  a  small  specimen,  of  nearly  natural  size. 
46.  Profile  view  of  same.    (Rock  Bluff.) 

Fig.    5.— Productus  Prattenianus 163 

5a.  Interior  of  an  imperfect  dorsal  valve  from  Platt-sraouth,  showing 
the  mesial  ridge,  and  very  short  cardinal  process  (nearly  natural 
size). 
56  &  c.  Dorsal  and  ventral  views  of  a  smaller  specimen,  from  Rock 
Bluff,  with  the  ears,  margins,  and  spines  broken  away  (a  little 
less  than  natural  size). 

Fig.    6.~Productus  punxtatus 169 

An  imperfect  ventral  valve,  partly  exfoliated,  so  as  to  remove  the 
small  spines,  ears  and  margins.  A  little  less  than  natural  size. 
(Plattsmouth.) 

Fig.    7. — Edmondia  subtruncata 215 

View  of  cast  of  left  valve,  one-eighth  diameter  less  than  natural  size. 
(Rock  Bluff.) 

Fig.    8. — Allorisma  (Sedgwickia)  granosa 220 

View  of  right  valve  ;  mainly  a  cast,  but  with  some  remaining  portions 
of  shell.  One  eighth  diameter  less  than  natural  size.  (Rock 
Bluff'.) 

Fig.    9. — Ch^nomya  Leavenworthensis 216 

Posterior  portion  of  the  two  valves  united.    Slightly  less  than  natu-    » 
ral  size.    (Rock  Bluff.) 

Fig,  10. — AlXORISMA  SUBCUNEATA 221 

10a.  Dorsal  view  of  an  internal  cast  of  a  largo  specimen,  one-eighth 

diameter  less  than  natural  size. 
106.  Side  view  of  same.    (Rock  Bluff.) 

Fig.  11. — PSEUDOMONOTIS,  sp 200 

A  fragment  of  a  left  valve  (cast)  showing  the  larger  costa),  with 

vaulted  scale-like  laminse  of  growth,  and  smaller  ribs  between ; 

slightly  reduced  in  size.    (Cedar  Bluff.) 

Fig.  12. — SOLENOMYA,  Sp.t 

12a.  An  imperfect  cast,  slightly  reduced  in  size. 
126.  Opposite  view  of  same.    (Rock  Bluff.) 

Fig.  13. — Ch^NOM YA  MlNElIAHA  f 217 

13a.  Dorsal  view  of  a  cast,  with  some  portions  of  the  posterior  mar- 
gins wanting. 
136.  Side  view  of  same.    (Plattsmouth.) 

*  This  is  the  shell  described  by  Professor  McChesney  (Paleozoic  Fossils,  page  43,  lr60)  under  the 
nsiDO  Spirifer  perplexus ;  it  is  alwaj's  small,  and  may  be  distinct  from  S.  lineatut.  The  desiription 
of  it.  was  inadvertently  omitted  in  our  text. 

t  This  cast  is  too  imperfect  for  description  or  identification.    It  docs  not  differ,  however,  so  far  as  can 

.  be  seen,  from  a  form  common  in  the  Coal-Mcasnres  of  Illinois,  but  seems  to  bo  different  from  tho  Ne« 

braska  City  specimen,  referred  (erroneously,  as  I  think)  by  Professor  Geinitz  to  S.  biarmiea,  de  yemouil. 
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.  1. — PlliiXiPSiA,  8p 237 

l(u  Pygidium  one-eighth  diameter  less  than  natural  size. 
16.  Same,  enlarged.    (Both  from  Geinitz,  Plattsmouth.) 
.  2.  Phillipsia  major 238 

2a.  Pygidium  (cast)  one-eighth  less  than  natural  size,  from  Belle vuc. 

26.  An  outline  profile  view  of  same. 

2c.  Part  of  the  pygidium  uf  a  larger  individual,  from  Plattsmouth, 

slightly  reduced  in  size.     [Segments  of  lateral  lobes  not  oblique 

enough  in  the  figure.] 

.  3. — PeRIPRISTIS  8EMICIRCULARIS 242 

3a.  Posterior  view  of  a  tooth  and  root,  from  Bellevuo,  showing  the  pro- 
found concavity  of  the  crown,  and  the  serrated  edge,  slightly 
less  than  natural  size,  with  an  enlarged  outline  of  the  latter 
above. 

.  4. — PERIPRISTIS  SEMICIRC CLARIS 242 

An  internal  cast  of  the  deep  concavity  of  the  crown  (r),  and  a  por- 
tion of  the  root  (r),  slightly  reduced  in  size.     (Rock  Bluff.) 

.  5.  Petalodus  destuctor 241 

A  specimen  consisting  of  nearly  an  entire  crown,  and  a  portion  of  the 
root,  posterior  view,  represented  slightly  less  than  natural  size. 
(Rock  Bluff.) 

G. — CLADODI'S  MORTIFER 239 

(Vi.  A  fragment  of  the  main  cusp,  near  base,  slightly  reduced  in  size. 
6b.  Outline  restoration  of  the  whole  tooth. 

7. — Nautilus  ponderosus 236 

7a.  View  of  the  flattened  or  slightly  concave  ventral  or  outer  side  of  a 
large  specimen,  reduced  to  slightly  less  than  two-fifths  diam.  of 
natural  size. 
7b.  Side  view  of  some.    (Plattsmouth.) 


EXPLANATIONS  OF  PLATE  IV.  * 
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Fig.     1. — SyNOCLADIA  BISERIALIS 156 

la.  A  portion  of  the  polyzoum,  one-eighth  diameter  less  than  natural 

size,  non-poriferous  side. 
16.  A  portion  of  same,  magnified  so  as  to  show  the  fine  strise,  and  irreg- 
ularly scattered  dimorphons  pores,  same  side. 
Ic.  Poriferous  side  of  a  fragment,  magni&ed. 

Fig.    2. — Edmondia  Aspinwali^ensis 216 

2a.  Side  view  of  internal  cast,  one-eighth  diameter  less  than  natural 

size. 
26.  View  of  the  left  valve,  with  the  beak  and  dorsal  margin  of  the  right 

valve  seen  above,  in  consequence  of  a  slight  displacement. 
2c.  Dorsal  view  of  the  cast  of  both  valves  nnited.  (Aspinwall.) 

Fig.    3. — Orbiculoidea,  sp 158 

An  impression  of  the  outside  of  the  under  valve  in  the  matrix  (slightly 
less  than  natural  size),  with  portions  of  the  thin  shell  adhering,  so 
as  to  show  the  smooth  inside,  and  a  prominent  internal  ridge  (d) 
corresponding  to  a  deep  external  furrow,  with  a  small,  round, 
or  oval  foramen  at  its  outer  end. 

Fig.    4. — Spirifer  (Martinia)  planoconvexus 184 

4a.  Ventral  view,  slightly  less  than  natural  size. 
46.  Outline  profile  view  of  same,  magnified. 

Fig.    5. — Productus  punctatus 169 

Side  view  of  an  accidentally  compressed  ventral  valve,  a  little  reduced  in 
size. 

Fig.   6. — Productus  Nebrascensis 165 

An  impression  in  the  matrix  of  the  inner  side  of  a  ventral  valve,  one- 
eighth  diameter  less  than  natural  size. 

Fig.   7. — Edmonda  reflexa! 213 

A  slightly  reduced  view  of  the  two  valves  opened  and  spread  out  upon 
the  matrix.  [This  figure  does  not  show  the  marks  of  growth 
strong  enough,  and  has  the  beaks  a  little  too  far  forward.] 

Fig.    8. — Aviculopecten  carbonifkrus  193 

A  fragment  of  a  left  valvo,  enlarged  nearly  two  diameters,  and  show- 
ing the  costa)  and  marginal  digitations. 

Fig.     9.--CHONETES  GItANULIFERA 170 

A  ventral  view,  slightly  reduced  in  size. 

Fig.  10. — Chonetes  glabra 171 

A  ventral  view,  slightly  reduced  in  size. 

Fig.  11. — AvicuLOPECTEN  T  Whitei 195 

11a.  Left  valve,  flattened  by  pressure  ;   one-eighth  diameter  less  than 

natural  size. 
116.  Another  of  the  same,  of  smaller  size. 

lie.  A  flattened  right  valve,  showing  the  deeper  sinus  under  the  ante- 
rior ear  ;  slightly  reduced  in  size. 

Fig.  12. — My.\una  subquadrata 202 

An  impression  of  the  left  valvo  '^reduced  one-eighth  diameter)  in  the 
clay  matrix,  with  adhering  portions  of  the  thin  outer  fibrous 
layer  of  shell  remaining. 

Fig.  13. — Pleurotomaria  perhumerosa 232 

13a.  A  somewhat  distorted  si>ecimen  the  distortion  making  the  spire 

appear  rather  shorter  than  natural  (a  little  reduce*!  in  size). 
136.  Another  specimen  from  Rnlo,  enlarged  nearly  two  diameters,  and 
somewhat  restored. 

Fig.  14.— Pleurotomaria  inornata 232 

View  of  side  and  aperture,  slightly  reduced  in  size. 

*  All  the  spocimcns  figured  on  thi«  plate,  not  otherwise  designated,  are  from  a  shaft  sunk  to  a  depth 
of  about  too  feet,  at  an  elevation  of  73  feet  aljove  the  Missouri,  one  mile  and  three-fourths  west  of  Ne- 
braska City  landing. 
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Fig.  15. — Platycekas  Nebuascexsis *!7 

15a.  View  of  aperture,  and  laterally  curved  apex. 

15.    A  side  view,  showing  the  undulated  lip  and  marks  of  growth. 

Fig.  16. — Bellerophon'  cauboxakius *M 

A  side  view,  a  little  reduced  in  size,  of  a  specimen  from  Mr.  Morton's 
shaft. 

Fig.  17. — Bellerophon  Marcouiana *»; 

A  cast  somewhat  flattened  and  distorted  hy  pressure,  with  much  of  the 
expanded  lip  also  hroken  away ;  enlarged  nearly  two  diamctors. 

Fig*  18. — XysTRODI'S  ?  OCCIDEXTALIS .' 244 

18a.  Upper  view,  a  little  less  than  natural  size. 

166.  The  same,  niagnilied  nearly  two  diameters,  and  a  portion  of  the 

pittM  sui'face  still  further  magnified. 
18o.  Outline  transverse  section  across  the  widest  part. 
l&d.  Side  view  of  same.    (From  Aspinwall.) 

Fig.  19.— DlPLODUS  COMPRESSUS 04<l 

19a.  Anterior  view,  a  little  less  than  natural  size,  of  a  si>eclmen,  with 
the  cusps,  and  anterior  tubercle  of  the  root  in  part  broken  away. 

196.  Lateral  view  of  same,  magnitied. 
Fig.  20. — ^Peripristis  semicircularis •24*i 

20a.  View  of  the  convex  side  of  the  root  and  crown,  slightly  less  than 
natural  size. 

206.  An  outline  lateral  view  of  the  same. 
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Fig.     1. — SCAPIIIOCRIXUS  ?  HEMISPII J21tICUS 147 

la.  PoHterior  view  of  body  and  arm-bases,  including  a  few  pieces  above 
the  bifurcation  on  tbe  second  primary  radial  pieces  ;  all  reduced 
one-eigbth  diameter  in  size. 

16.  iVnother  specimen,  with  tbo  second  radials  and  arms  removed,  so  as 
to  show  the  upper  and  inner  side  of  the  cup  in  which  the  inter- 
nally protuberant  base  is  seen  in  the  form  of  a  little  depressed 
cone  within. 
Fig.    2. — Zeacrixus  MUcrtospiNUS 149 

2a  if-  h.  Two  views  of  the  spine-like  second  radial  pieces,  reduced 
one-eighth  diameter,  from  Professor  Geinitz's  figures. 

26.  Upper  side  of  the  same,  reduced  from  Professor  McChesney's 
figures  of  an  unworn  specimen. 

Fig.     3. — FUSULINA  CYLINDRICA 140 

'3a.  A  specimen  magnified  nearly  three  diameters. 
36.  A  transverse  section  of  the  same,  somewhat  more  enlarged,  to 
show  the  involuted  and  septate  character  of  the  interior. 

Fig.     4. — LOPHOPH YIXUM  PROLIFERUM 144 

4a.  A  side  view,  slightly  less  than  natural  size,  of  a  specimen  with 

the  walls  of  tlie  cup  partly  broken  away,  so  as  to  show  the  end 

of  the  columella  within. 
46.  A  longitudinal  section  of  another  specimen  of  the  same  species, 

slightly  reduced  in  size,  showing  the  transverse  arching  plates, 

columella,  &c. 

Fig.     5. — FiSTULIPORA  NODULIFERA 143 

5a.  A  specimen  nearly  natural  size,  incrusting  a  piece  of  another  little 
coral  of  ramose  form. 

56.  One  of  the  nodes  or  prominences  of  the  same,  enlarged  so  as  to 
show  the  pores  with  their  prominent  margins,  all  directed  a 
little  outward  from  the  middle  of  the  prominence,  which  is 
nearly  without  pore«. 

5c.  A  transverse  section  of  a  portion  of  the  same  species,  more  highly 
magnified,  to  show  the  finely  cellular  tissue  between  the  cell- 
tubes. 

5d.  A  magnified  longitudinal  section  of  a  piece  of  the  same  species,  cut- 
ting through  the  cell-tubes  and  exposing  the  intercellular  tissue. 

Fig.     G.— PRODUCTUS  SYMMETRICUS 167 

6a  <)'•  6.  Slightly  reduced  interior  and  exterior  views  of  a  dorsal 
valve,  with  the  trifid  cardinal  process,  which  does  not  show  its 
entire  length,  owing  to  its  strong  curve.  In  Fig.  6a,  the  reni- 
form  scars  are  put  in  from  another  specimen  of  the  same  species, 
not  being  defined  in  that  figured. 

Fig.    7. — Productus  semtreticulatus 160 

7a.  Side  view  (slightly  reduced  in  size)  of  a  specimen  with  the  ante- 
rior margin  not  quite  complete. 
76.  Ventral  view  of  another  somewhat  larger  specimen,  also  reduced 
a  little  in  size. 

Fig.    8. — Rktzia  punctulifera 181 

Dorsal  view  of  a  small  specimen,  enlarged  to  nearly  two  diameters. 

Fig.    9. — AtHYRIS  8UBTILITA 180 

Dorsal  view  of  a  medium-sized  specimen,  slightly  reduced  in  size. 

Fig.  10.— Hemipronites  crassus 1 174 

10a.  Dorsal  view  of  a  medium-sized  specimen  (slightly  reduced  in 
size),  showing  the  area  of  the  ventral  valve  with  its  false  del- 
tidium. 
106.  Interior  of  a  smaller  ventral  valve,  showing  the  cardinal  process 
(also  slightly  reduced). 

Fig.  11. — ^Productus  Nebrascexcis 165 

lie.  Ventral  view  of  a  small  specimen  (reduced  one-eigJitYi  Aiam^tet 
Ja  size),  showing  spine  bases. 
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Fig.  11. — 11&.  Interior  of  a  larger  dorsal  valve,  also  reduced  in   size,  showing 

the  bifid  cardinal  process,  and  the  divided  mesial  ridge,  internal 
asperities,  &c. 

lie.  Dorsal  view  of  another  specimen  (slightly  reduced  in  size),  show- 
ing the  cardinal  margin  without  traces  of  an  area,  and  the 
slightly  truncated  bealc  of  the  ventral  valve. 

lid,  A  diagram  profile  view,  enlarged,  of  a  piece  of  the  shell  of  the 
ventral  valve,  to  show  the  two  sets  of  spines. 
Fig.  12. — Mekkella  striatocostata 175 

12a.  Ventral  view  of  a  rather  small  specimen,  enlarged  to  nearly  the 
medium  adult  size  of  the  species. 

126.  Dorsal  view  of  same,  showing  area  and  false  deltidinm. 
Fig.  13.— Pi.ODUCTUS  Prattenianus 163 

A  view  of  the  ventral  side  of  a  moderately  large  specimen,  slightly 
reduced  in  size,  from  Professor  Geiuitz's  figure,  with  the  ears 
and  spines  broken  away.  (The  restored  outline  of  the  ears  has 
been  added  from  our  specimens.) 

FOREIGN  SPECIES  FOR  COMPARISON. 

Fig.  14. — Strophalosia  horrescens 167 

Dorsal  view,  showing  hinge  line  and  cardinal  area  (a),  for  comparison 
with  Fig.  lie.  (Slightly  retluced  in  size,  from  Professor  Gei- 
nitz's  Animaliscben  Uelierr.  der  Dyas.) 

Fig.  15. — Productus  Koninckianus 164 

-   15a.  Side  view,  slightly  reduced  in  size. 

156.  Ventral  view  of  same,  slightly  reduced  in  size. 
15c.  An  enlargement  of  a  piece  of  the  surface,  showing  the  strise  and 
short  spines  magnified.    All  after  Mr.  Davidson.    For  compari- 
son with  Fig.  13. 

Fig.  16.— Meekella  pectiniformis,  (=  Streptorhfinchus  pectiniformis) 175 

Dorsal  view,  showing  area  and  deltidinm  of  ventral  valve  (a  little 
reduced  in  size,  from  Mr.  Davidson).  For  comparison  with 
Fig.  126. 
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Fig.   1. — Syntrilasma  hemiplicata 177 

la.  Front  view,  a  little  reduced  in  size. 
16.  Cardinal  or  posterior  view  of  same. 

Fig.   2.— Rhynchonella  Osagensis 179 

2a.  Ventral  view,  reduced  one-eighth  diameter  in  size. 
26.  Same,  enlarged  nearly  two  diameters  of  natural  size. 

Fig.   3. — Spiriferina  Kentuckensis 185 

3a.  A  specimen  greatly  extended  on  the  hinge  line ;  enlarged  nearly  to 

two  diameters. 
36.  Cardinal  or  posterior  view  of  same. 
3c.  Cardinal  and  internal  view  of  another  specimen  of  ventral  valve 

enlarged,  showing  int'Cmal  lamina. 
3d.  A  very  small  individual,  with  hinge  lino  short ;  magnified  two 
diameters. 

Fig.    4. — Spirifer  (Martinia)  planoconvexus 184 

Dorsal  view,  magnified  nearly  two  diameters. 

Fig.    5. — ^Euomphalus  rugosus,  (Hall ;  not  Sowerby) 230 

5a.  Left  view,  magnified  nearly  two  diameters. 

56.  Section  of  same,  showing  the  quadrangular  form  of  the  volutions, 

and  the  concavity  of  the  right  side. 
5c.  Right  or  concave  side  of  another  specimen,  one-eighth  diameter  less 
than  natural  size. 

Fig.   C. — Productus  costatus  T 159 

6a.  Profile  side  view,  reduced  one-eighth  diameter  in  size. 
66.  Ventral  view,  same. 

Fig.   7. — Productus  longispinus  T 161 

Ventral  view,  reduced  one-eighth  diameter  in  size. 

Fig.    8. — Macrocheilus  intercalaris,  Far.  pulchellus 228 

A  side  view,  reduced  one-eighth  diameter  in  size. 

Fig.   9. — PhillipsUl  scitula 238 

A  crushed  specimen,  enlarged  about  two  diameters. 

Fig.  10.— Chonetes  granulifera 170 

A  ventral  view,  slightly  reduced  in  size. 

Fig.  11. — Pinna  peracuta 198 

11a.  Side  view  (slightly  reduced  in  size)  of  an  internal  cast,  incomplete 

at  both  ends. 
116.  Dorsal  view  of  same. 

Fig.  12. — Spirifer  cameratus 183 

A  dorsal  view,  nearly  natural  size,  showing  area  and  foramen. 

Fig.  13. — Cladodus  mortifer 239 

13a.  A  specimen,  consisting  of  the  root  of  a  tooth,  with  the  bases  of 
the  cusps  remaining;   one-eighth  diameter  less  than  natural 
size. 
136.  An  outline  section  of  the  main  cusp,  at  base. 
13c.  An  outline  view  from  above. 
13d.  An  opposite  view  of  the  root  and  bases  of  cusps,  enlarged. 

Fig.  14. — Chomatodus  arcuatus 243 

14a.  View  of  anterior  side,  one-eighth  diameter  less  than  natural  size. 
146.  Profile  or  section  of  the  same. 

Fig.  18.— Deltodus  T  angularis : 244 

Iba.  View  of  upper  surface,  somewhat  reduced  in  size. 
186.  Profile  view  of  same. 

FOREIGN  species  FOR  COMPARISON. 

Fig.  15.— Spirorbis  permianus 231 

15a.  View  of  left  or  attached  side,  magnified  nearly  three  times,  for 

comparison  with  5a  and  16a. 
156.  Right  or  free  side  of  same,  for  comparison  with  5c  and  16c :  after 
*  Professor  Kin^. 
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Fi^.  IC. — SpraoRBis  PLA^'ORBITE^ a* 

16a.  Left  view,  magnifiod  nearly  three  diameters,  for  comparison  with 
Fig.  5a. 

1C6.  A  fragment  of  the  same,  showing  a  section  of  whorls,  for  compari- 
son with  5&. 

16c.  Another  specimen  of  same,  magnified  two  diameters,  right  side 
for  comparison  with  5c. 

16<f.  Section  of  last,  for  comparison  with  56 :  all  after  Professor  Gei- 
nitz. 

Fig.  17. — EUOMPHALUS  QUADRATUS 231 

An  obliqne  anterior  view.    (Slightly  rednced  from  Professor  McCoy's 
figure. 
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Fig.  1. — SCAPHIOCRINUS  T  HEMI8PH-ERICUS »^ 147 

la.  View  of  the  body  from  above,  slightly  reduced. 
lb.  View  of  the  same  from  below. 

Ic  Posterior  side  of  same  in  outline ;  all  slightly  reduced  from  Pro- 
fessor Geinitz's  figures. 

Fig.  2. — ^RnOMBOPORA  LEPIDODENDROIDES 141 

2a.  Branch,  one-eighth  diameter  less  than  natural  size. 

2h.  Part  of  same,  magnified  a  little  less  than  three  diameters. 

2c.  Same,  magnified  about  six  diameters,  to  show  the  angular  outlines 
of  the  calices,  and  the  granules  at  their  angles  and  along  their 
margins. 

2d.  Longitudinal  section,  magnified  nearly  five  diameters,  ^howin^  the 
calices  (c)  apparently  without  tabuiOB  or  septa,  ascending  from 
an  imaginary  axis,  and  the  interspaces  (i),  with  longitudinal  sec- 
tions of  very  minute  intermediate  pores. 

2e.  Portion  of  surface,  ground  off  a  little  obliquely,  showing  the  cal- 
ices within  rather  more  oval  in  outline  than  natural,  with  the 
very  minute  pores  of  the  interspaces,  apparently  corresponding 
to  the  marginal  granules  of  the  exterior. 

2/.  Four  of  the  calices,  greatly  magnified,  to  show  their  rhombic  ont- 
lino  and  marginal  granules. 

2g.  Same,  from  another  part  of  the  same  species,  where  they  differ  a 
little  in  form. 
Fig.  3. — Fenestella  ShumardiT 153 

3a.  Fragment  of  the  polyzoum  slightly  less  than  natural  size,  non- 
poriferous  side. 

3b.  Fragment  of  the  same,  magnified  to  show  the  form  and  proportions 
of  the  fenestrules,  branches,  and  dissepiments,  comparatively 
course  stria;,  &c. 

3o.  Same,  poriferous  sides. 
Fig.  4, — Glaucoxome  trilineata,  Meek 157 

4a.  Slightly  less  than  natural  size,  non- poriferous  side. 

46.  Same,  enlarged  to  show  strise. 

4c.  Poriferous  side  enlarged. 

Ad.  Fragment  of  main  stem,  greatly  magnified,  to  show  the  three  mesial 
lines. 
Fig.  5. — Syxocladia  biseriali8,(=5.  Cestriensi  t) 156 

5a.  Fragment,  slightly  less  than  natural  size,  non-poriferous  side. 

55.  Same,  magnified  about  five  diameters,  to  show  stride  and  dimorphous 
pores, 

5c.  Poriferous  side  of  another  specimen,  a  little  enlarged. 

5d.  Part  of  same,  greatly  magnified,  to  show  the  arrangement  of  the 
pores,  the  mesial  carina,  and  spine-like  projections,  with  their 
minute  perforations,  ^c. 

be.  Side  view  of  one  of  the  branches,  much  enlarged,  to  show  the  ele- 
vation of  the  spine-like  projections  along  the  middle,  on  the 
poriferous  side. 

Fig.  6.— POLYPORA 155 

Enlarged  poriferous  side,  slightly  reduced  from  Professor  Geinitz's 
figure. 

f  ig.  7.— POLYPORA  8UBMAROINATA 154 

7a.  Fragment  showing  non-poriferous  side,  slightly  less  than  natural 
size. 

76.  Part  of  same,  magnified,  showing  the  poriferous  side,  with  its  me- 
sial carina  and  row  of  node-like  granules. 

Fig.  8.— FUSULIN A  C YLINDRICA 140 

Sa.  Specimen  magnified  a  little  more  than  three  diameters. 
86.  Transverse  aection  of  the  same,  mangnified  between  t'owt  txwiV  ^w^ 
diameters,  so  as  to  show  the  internal  structure. 


2  EXPLANATIONS   OF  PLATE   VIL 

Pap. 
Fig.  9.— EociDARrs  Halliana 152 

9a.  One  of  the  primary  spines,  magnified  a  little  less  than  six  times. 
96.  Part  of  same,  still  more  greatly  magnified,  to  show  the  surface 

sculpturing. 
9c.  One  of  the  iuterambniacral  plates  of  nearly  natural  size. 
9(2.  Same,  magnified ;  (all  after  Geinitz). 

FOREIGN  SPECIES  FOR  COMPARISON. 
Fig.  10.— POLYPOR  BIARMICA 155 

10a.  A  piece  of  the  polyzonm,  slightly  less  than  natural  size. 

10&.  Magnified  portion  of  same,  to  compare  with  Fig.  6.  "  Both  from 
Count  Keyserling's  illustrations  of  the  species. 
Fiir.  11. — Fenestella  plebeja 153 

11a.  Fragment,  nearly  natural  size,  to  compare  with  Fig.  3a. 

116.  A  piece  of  the  same,  no n -poriferous  side,  greatly  enlarged,  to  com- 
pare with  Fig.  36. 

lie.  Another  fragment,  greatly  enlarged,  showing  poriferous  side,  for 
comparison  with  Fig.  sJc.    (All  from  McCoy's  figures  of  the  typi- 
cal specimens.) 
Fig.  12.— Synocladia  virgulacea 156 

12a,  Fragment,  greatly  enlarged,  showing  the  poriferous  side,  for  com- 
parison with  Fig.  r^d, 

126.  Non -poriferous  side,  magnified  to  show  spine^ike  processes,  for 
comparison  with  Fig.  56.    (All  from  Professor  King's  figures.) 

Fig.  13.— POLYPORA  MARGINATA 154 

13a.  Fragment,  slightly  less  than  natural  size,  nonporiferous  side,  for 
comparison  with  Fig.  7a. 

136.  Piece  of  same,  magnified,  to  show  surface  strise  of  non-poriferous 
side,  &c. 

13c.  Poriferous  side  of  same,  magnified,  to  compare  with  Fig.  76.    (All 
from  Professor  McCoy's  original  figures.) 
Fig.  14. — Glauconome  grandis 157 

14.  Fragment,  greatly  enlarged,  showing  poriferous  side,  for  compari- 
son with  Fig.  4c.    (From  Professor  McCoy's  figure.) 


EXPLANATIONS  OF  PLATE  VIII. 
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Fig.    1. — Hemipronitks  crassus 174 

A  very  small  young  specimen. 
Fig.    2. — Spirifer  (Martinia)  planoconvexus 184 

2a,  Dorsal  view,  showing  area  and  foramen  of  ventral  valve  magnified 
to  nearly  two  diameters. 

26.  Interior  of  dorsal  valve,  showing  socket  processes  and  crura  for  the 
attachment  of  the  spires,  still  more  enlarged. 
Fig.    3. — LiNGULA  ScoTiCA,  var,  Nebrascensis 158 

3a.  View  of  dorsal  valve,  slightly  less  than  natural  size. 

36.  Enlargement  of  same. 

Fig.      4. — AtII YRI8  SUBTILITA 180 

Small  specimen,  dorsal  view ;  slightly  reduced  in  size  from  Professor 
Geinitz^s  figure  of  a  specimen  from  bed  C,  at  Nebraska  City. 

Fig.    5. — Rhyncuoneliji  Osagensis 179 

Ventral  view  (enlarged  nearly  two  and  one-half  diameters) ;  after  Pro- 
fessor Geinitz's  figure  of  a  rather  broad,  flattened  specimen  from 
bed  C,  at  Nebraska  City. 

Fig.     6.— PrODUCTUS  LONGI8PINUS  f 161 

6a.  Ventral  view,  slightly  less  than  natural  size. 

66  &  c.  Dorsal  and  ventral  views  of  a  young  example ;  after  Geinitz. 

Fig.    7.— Chonetes  granuufera 170 

Ventral  view,  nearly  natural  size,  showing  a  few  very  scattering  large 
perforations. 

Fig.    8.— Chonetes  glabra 171 

Sa,  Ventral  view,  nearly  natural  size. 

86.  Ditto  of  another  specimen,  enlarged  nearly  to  two  diameters,  to 
show  what  appears  to  be  the  bases  of  minute,  scattering  spines, 
connected  with  large,  distantly-separated  perforations,  arranged 
in  quincux. 

Fig.    9. — ^Productus  pertenuis 164 

9a,  c.  Ventral  and  lateral  views  of  an  imperfect  specimen,  nearly 

natural  size. 
96.  The  same  enlarged.    Both  figured  by  Professor  Geinitz,  from  bed 
C,  Nebraska  City. 

Fig.  10. — Productus  Prattenianus 163 

10a  &  6.  Dorsal  and  ventral  views  of  a  young  shell ;  specimen  nearly 
natural  size ;  figured  by  Professor  Geinitz,  from  bed  C,  at  Nebraska 
City. 

Fig.  11. — Spiriferina  Kentuckensis 185 

11a.  Posterior  or  cardinal  view,  showing  area  and  foramen,  beaks,  &c. 

(Enlarged  about  one  and  one-half  diameters). 
116.  Ventrju  view  of  a  compressed  specimen,  enlarged  nearly  two  diam- 
eters.    Both  from  Professor  Geinitz's  figures  of  specimens  from  bed 
C,  Nebraska  City. 

Fig.  12. — Syntrilasma  uemiplicata 177 

12a  &  6.  Ventral  and  front  views ;  slightly  reduced  from  Professor 
Geinitz's  figures  of  a  Nebraska  City  specimen. 

Fig.  13. — Productus  symmetricus 167 

Ventral  view  of  an  imperfect  specimen  from  bed  C,  Nebraska  City, 
slightly  less  than  natural  size. 

foreign  species  for  comparison. 

rig.  14. — Rhynchonella  angulata 178 

14a,  6.  Dorsal  and  side  views  for  comparison  with  Fig.  12a,  6 ;  both 
slightly  reduced  from  Mr.  Davidson's  figures. 

Fig.  15.— Spirifer  cameratus 183 

An  imperfect,  rather  small,  specimen,  from  bed  C,  Nebru&ka  C\t^. 
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Fig.     1 . — Avicui/)rECTi:.\  n looLr.cTi  s VXi 

la.  Internal  cast  of  a  left  valve,  cnlargcul  nearly  to  three  and  one- 
half  diameters.     (From  Gcinitz.) 
16.  Ditto  of  a  right  valve,  from  bed  C,  at  Nebniska  City,  cnlar^jjed 
nearly  three  and  ^one-half  diameters. 

Fig.     2. — AvicuiX)PEcn  Kx  Coxanus 1D(> 

2a.  Lelt  valve  enlarged  abont  two  diameters. 
26.  Enlargement  of  snrfacto  markings  of  same. 

Fig.      :\. — PSEUDOMONOTUS  RADL\LIS  ?f 201 

View  of  cast  of  left  valve,  slightlj'  less  than  natural  size. 

Fig.      4 — AVICULOPECTEN  CARBONIFKRITS 11)3 

4a.  Left  valve,  one-eighth  diameter  less  than  natural  size. 

46.  Internal  cast  of  a  right  valve  a  little  less  than  two  diameters. 

Fig.     r>. — Lima  retifera 1H8 

5a.  Cast  of  right  valve,  one-eighth  diameter  less  than  natural  size. 
rj6.  Cost®  of  same,  a  little  enlarged. 

Fig.      (I.— M YALINA  8LBQUADRATA 202 

A   fragment  of  a  right  valve,  showing  cardinal   area,  and  interior, 
nearly  natural  size,  from  Professor  Geinitz's  figure  of  a  sptH^imen 
from  bed  C,  at  Nebraska  City.    The  dimly-shaded  outline  is  hvu) 
adde<l  to  show  the  most  usual  form  of  the  entire  shell . 
Fig.    7.— Myalina  Swallovi 201 

7a.  Left  view  of  a  small  specimen,  slightly  less  than  natural  size. 

76.  Right  view  of  a  larger  individual,  slightly  re<luced  in  size. 

Fig.      H. — AVICDLA  LONGA 191) 

Right  valve,  enlarged  nearly  two  diameters. 

Fig.      1). — AVICULA  T  SULCATA ". 200 

Jjeft  valve  enlarged  to  nearly  three  and  a  half  diameters ;  from  Profes- 
sor Geinitz^s  figure. 

Fig.    10. — AVICULOPECTEN   OCCIDEN TALIS 11)1 

Left  valve  slightly  reduced  in  size  ;  from  Professor  Geinitz's  figure. 

Fig.  11. — Entolium  aviculatum 189 

11a.  Mould  of  the  exterior  (nearly  natural  size)  of  left  valve. 
116.  Enlarged  external  radiating  and  concentric  stiiu*. 
lie.  Cast  from  the  same. 

lid.  Enlarged  zigzag  marking  sometimes  very  dimly  seen  on  the  sur- 
face of  internal  casts, 
lie.  Cast  of  a  smaller  specimen,  left  valve,  with  posterior  margin  a 

little  truncated. 

11/.  Interior  of  another  specimen,  left  valve,  showing  the  diverging 

hinge,  teeth  (t,  t),  cartilage  pit  (c),  and  transverse  furrow  (g,  g), 

in  the  ears,  for  the  articulation  of  the  margin  of  the  other  vaive. 

1  Ig.  Cast  of  the  interior  of  opposite  valve,  showing  its  cardinal  lino  to  be 

straight,  apparently  for  articolation  in  the  nirrow  (g)  of  Fig.  11/. 

Fig.  12.— AvicuLOPiNNA  Americana 197 

12a.  An  internal  cast,  enlarged  to  nearly  two  diameters,  showing  the 

beaks  not  to  bo  quite  terminal. 
126.  Mould  of  the  outside  of  another  specimen,  somewhat  enlarged. 
12c.  Surface  markings,  enlarged. 
V2d.  Section  to  show  convexity  of  valves. 

foreign  species  for  comparison. 

Fig.  13. — Entolium  Sowerbyi 191 

13a.  External  view,  for  comparison  with  figure  lie. 
136.  Enlarged  surface  striss  of  same.    Both  a  little  less  than  natural 
size,  irom  Professor  McCoy's  Carb.  Fossils  of  Ireland. 

Fig.  14.— EnTOUUM  DEBilSSUM 190 

Internal  cast  of  hinge,  for  comparison  with   figure   11/;   slightly 
reduced  in  size ;  from  Qnenstedt. 

-Fig.  15. — AVICULOPINNA  PINN^FORMIS 197 

15a.  View  of  left  valve,  showing  traces  of  radiating  strise;  a  little  reduced 
fFom  Professor  Geinitz's  ngure  of  a  German  specimen. 

15^.  Seetion  of  the  two  valves  united,  taken  from  a  it^kgmenti  ^en^lnrai 
Oermany  by  Profeaaor  Geinitz  to  Professor  'WotuiftTi.  Yox  w>tii- 
parisoD  with  Fig.  12, 
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Fig.     1. — ScHizoDUs  Whkeleki 209 

la.  Outside  view  of  right  valve,  slightly  rednced   from  Professor 

Geinitz's  figure  ;  referred  by  him  to  S.  ohscums. 
1ft.  Sketch  of  the  typical  specimen  of  8.  Wheeleri  from  the  Coal- 
Measures  of  Missouri,  slightly  reduced  iu  size  from  a  drawing 
in  the  possession  of  Professor  Swallow. 
Ir.  Outside  view  of  a  specimen  from  the  Upper  Coal-Measnres  of 

^       Iowa,  belonging  to  Dr.  C.  A.  White. 
Id.  Inside  of  same,  showing  the  hinge;  both  figures  being  slightly  re- 
dnced in  size. 
le&f.  Dorsal  and  lateral  views  of  a    lar^e  internal  cast,  a  little 
reduced  in  size,  from  the  same  position  in  Iowa,  and  appar- 
ently of  the  same,  or  a  nearly  allied  species,  belonging  to  Dr. 
C.  A.  White. 
Fig.    2. — An  external  cast  of  an  undetermined  species  of  Schizodua 210 

Fig.      3. — SOLENOPSIS  80LENOIDE8 223 

Cast  of  right  valve,  magniiied  nearly  to  two  diameters. 
Fig.    4. — Pleurophokus  oblongus 212 

4a.  Internal  cast,  about  natural  size. 

46  &.  c.  Internal  casts  of  other  specimens,  right  and  left  view,  magni- 
fied nearly  two  diameters. 

Fig.      5. — MODIpLA  f   8UBELLIPTICA 211 

Right  valve,  a  little  less  than  natural  size. 

Fig.    6. — Edmoxdia  refijexa 213 

6a.  An  internal  cast  of  a  small  specimen,  one-eighth  diameter  less 

than  natural  size. 
66.  The  same,  enlarged. 

Fig.    7. — Edmondia  T  glabra 214 

7a  &  b.  Right  and  left  views  of  two  small  specimens,  slightly  reduced 
iu  size. 

Fig.    8.— Edmondia  Nebrascensis  T 214 

8a.  A  slightly  reduced  figure  of  a  small,  rather  broad,  specimen,  proba- 
bly of  this  species. 
86.  The  larger  and  more  elongated  typical  form  of  the  species,  a  little 
reduced  in  size. 

Fig.    9. — Prothyris  elegans 223 

9a.  Left  valve  of  nearly  natural  size,  showing  anterior  ventral  notch, 

and  linear  ridge  extending  to  its  corner  from  the  beak. 
96.  Right  valve  of  another  specimen,  enlarged  to  nearly  one  and  a  half 
diameters. 

Fig.   10. — YOLDIA  8UBSCITULA? 205 

An  external  cast  of  the  left  valve,  nearly  natural  size. 

Fig.  11. — ^NUCULAXA  bellistriata 206 

1  la.  Left  valve,  enlarged  to  nearly  two  diameters. 
116.  Surface  stria),  further  enlarged. 

1  ig.  12. — Pleurophorus  occidentalis 212 

Left  view  of  internal  cast,  enlarged  to  nearly  three  diameters.  (From 
Professor  Geinitz.) 

Vhr,   13.— SCHIZODUS  CURTU8 208 

13a.  Cast  from  Nebraska  City,  left  view,  one-eighth  diameter  less  than 
natural  size. 

136.  Outline  profile,  anterior  view  of  same. 

13c.  A  somewhat  larger  specimen  of  same,  a  little  reduced  iu  size. 

13d  A  still  larger  specimen,  of  somewhat  diflferent  form,  a  little  re- 
duced in  size.    Probably  a  different  species. 

13<?.  The  typical  form  of  S.  curtuSf  slightly  reduced  in  size,  from  the  ori- 
ginal locality  in  Illinois. 

13/.  An  outline  anterior  view  of  same,  to  show  its  convexity. 

13<7.  Surface  striae  of  same,  enlarged. 

Tig.  14.— AlXORISMA  8UBELEGANS SStSi 

A  little  less  than  natural  aize,  with  enlargement  of  soiiauc^  gta»xiiea« 


2  EXPLANATIONS    OF    PLATE    X. 

Fig.  15.— Allorisma  (Skdgvvickia )  iii:rLi;xA 217 

An  imperfect  left  valve,  nearly  natural  size. 

Fig.  16. — Allorisma  (Skdg wickia  )  Gkimtzii 219 

lOa.  View  of  ri<?ht  valve,  slightly  less  than  the  natural  size,  of  one  of 

the  largest  specimens  among  an  extensive  collection. 
lob.  Left  valve  of  another  individual,  enlarged  a  little  less  than  two 
diameters,  to  show  the  fmo  surface  granules. 

Fig.  IT.—NUCULA  VENTRICOSA 204 

17a.  Left  view,  a  little  less  than  natural  size. 

176.  Dorsal  outline  view  of  same. 

17c.  Left  view  of  same,  enlarged  to  nearly  two  diameters. 

Fig.  18.— NUCULA  BEYRICIllff .' 2i)3 

An  internal  caiit,  enlarged  to  nearly  three  diameters.  From  Nehraaka 
City. 
Fig.  19rt. — An  outline,  nearly  natural  size,  of  a  dilTerent  form,  from  Professor 

Geinitz's  ligure,  referred  by  him  to  N.  Beyrlchi,  from  the  same 
bed  as  the  last,  at  Nebraska  City. 
196.  The  same,  enlarged  to  show  the  stria) ;  (from  Geinitz.) 

Fig.  20.— Macrodon  tenuistriata 207 

20a.  Right  valve,  nearly  natural  size. 

206.  Enlargement  of  the  minute  radiating  strim  on  tho  anterior  part 
of  the  shell. 

rOREIGN  SPECIES  FOR  COMPARISON. 

Fig.  21. — ScnizoDUS  Rossicrs 209 

21a.  Left  view,  slightly  less  than  natural  size,  for  comparison  with 

Fig.  13fl. 
216.  A  different  form,  supposed  to  be  a  variety  of  the  samo;  both  from 
de  Vemouil. 

Fig.  22. — Allorisma  elagans 219 

22a.  Kight  valve,  nearly  natural  size  (from  Professor  Geinitz),  of  a 

German  specimen,  for  comparison  with  Fig.  16a,  6. 
226.  Internal  cast  of  same,  slightly  redqced  in  size,  from  Professor  King. 
Compare  with  Fig.  lOa,  6. 

Fig.  23.— NucuLA  Beyriciii 2i)4 

23a.  From  a  German  specimen,  slightly  less  than  natural  size.  Com- 
pare with  Figs.  18  and  19. 
236.  Same,  enlarged. 

Fig.  24.— NucuLA  Beyriciii 2iM 

24a,  6.  After  Gemitz,  from  German  specimen,  nearly  natural  size,  and 
enlarged.    Compare  with  Figs.  18  and  19. 

Fig.  25.— NucuLA  Beyriciii 204 

25a.  Nearly  natural  size,  from  von  Schauroth's  original  figure. 
256.  Same,  from  same,  enlarged.    Compare  with  Figs.  18  and  19. 
25c.  Internal  cast  of  same,  from  samo. 

Fig.  26.  Cardiomorpha  ?  (Mytilus)  Pallasi 212, 213 

Hinge  and  interior  of  right  valve,  nearly  natural  size.    For  compari- 
son with  Fig.  12. 

¥\g.  27.  Macrodon  striata 207 

Right  view,  after  Professor  Geinitz,  from  German  specimen,  for  com- 
parison with  Fig.  20a. 
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Fi«r-     1- — C YTHERE,  sp 237 

la,  6.  Outside  and  inside  view  of  right  valve,  greatly  enlarged, 
lo,  d.  Outside  and  inside  of  left  valve,  greatly  enlarged. 

Fig.    "2. — Cythere  Nebrascensis 237 

Inside,  greatly  enlarged,  left  valve ;  from  Geinitz. 

Fig.    3. — Cythere,  sp 237 

3a, 6.  Outside  and  inside  of  ajiparently  the  right  valve  of  the  same 
species;  from  Geinitz. 

Fig.    4. — EuoMPiiALi'8 RUGOSU8,  (Hall;  not  Sowerby) 230 

4a.  Left  side  of  a  rather  small  specimen,  natural  size.  ^ 

4b,  Right  side  of  another  specimen,  somewhat  enlarged. 

Fig.    5. — Pleurotomaria  Haydeniaxa 1 2.31 

Enlarged  nearly  to  three  diameters ;  from  Professor  Geinitz's  figure. 

Fig.    C. — MuRCHisoNFA  Nebrascexsis 234 

Enlarged  less  than  three  diameters ;  from  same. 

Fig.    7.  AcLis  f  SWALLovrANA 229 

7a.  Avery  small  imperfect  specimen,  enlarged  less  than  five  diameters. 
7b.  A  large  perfect  specimen,  enlarged  less  than  three  and  a  half 
diameters  (after  Professor  Geinitz). 

Fig.    8. — Pleurotomaria  Marcouiana 233 

Enlarged  less  than  four  diameters ;  from  same. 

Fig.    9.^Pleurotomaria  Gray^^ill?:nsis 233 

Enlarged  between  three  and  three  and  half  diameters ;  from  same. 

Fig.  10. — Orthonema  su3t^xiata i 228 

Enlarged  between  five  and  five  and  a  half  diameters ;  from  same. 

Fig.  11. — Bellerophon  carbonaria 224 

llo.  Front  vie.w,  nearly  natural  size. 

116  <f  c.  Posterior  and  lateral  views  of  same;  from  division  C,  at 
Nebraska  City. 

Fig.  12.— Bellerophox,  sp  .  .1 225 

The  expanded  part  of  body  whorl  enlarged  about  two  diameters. 

Fig.  13.— Bellerophon  Marcouianus 226 

13a.  Side  view  of  an  imperfect  specimen,  consisting  of  a  portion  of  the 
expanded  bo<1y  volution,  enlarged  a  little  less  than  two  diam- 
eters. 
136.  An  oblique  view  of  a  similar  specimen,  a  little  more  enlarged ; 
from  Professor  Geinitz. 

Fig.  14. — Bellerophon  percarinatus 227 

A  portion  of  the  body  volution,  slightly  less  than  the  natural  size. 

Fig.  15. — Bellerophon  Montfortianus 225 

Body  volution  and  expanded  lip  nearly  entire,  slightly  less  than  the 
natural  size. 

Fig.  IC— Dentalium  Meekl^num 224 

16a.  Side  view,  enlarged  between  two  and  three  diameters. 

166.  Enlarged  section  or  aperture  of  same ;  both  from  Professor  Geinitz. 

Fig.  17.— Nautilus  occidentalus 234 

A  fragment,  showing  the  outer  or  ventral  side,  ^ith  the  two  rows  of 
large  lateral  nodes,  and  two  rows  of  smaller  alternating  mesial 
nodes ;  nearly  natural  size. 

Fig.  18. — Orthoceras  cribrosum 234 

18a.  Slightly  reduced  from  Professor  Geinitz's  enlarged  figure. 
186.  Pitted  surface  of  same,  enlarged. 

Fig.  19. — PleurotomarA  subdecussata 233 

A  side  and  aperture  view,  enlarged  about  four  diameters ;  after  same. 
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OP  THE 


SMITHSONIAN    INSTITUTION. 


[PRESENTED  IN  THE  FIRST  ANNUAL  REPORT  OF  THE  SECRETARY,  AND 
ADOPTED  BY  THE  BOARD  OF  REGENTS,  DECEMBER  13,  1847.] 


INTEODUCTION. 


General  considerations  which  should  serve  as  a  guide  in  adopting  a  Plan 

of  Organization. 

1.  Will  op  Smithson.  The  property  is  bequeathed  to  the  United 
States  of  America,  "  to  found  at  Washington,  under  the  name  of  the 
Smithsonian  Institution,  an  establishment  for  the  increase  and  diffu- 
sion of  knowledge  among  men.'' 

2.  The  bequest  is  for  the  benefit  of  mankind.  The  Government  of 
^be  United  States  is  merely  a  trustee  to  carry  out  the  design  of  the 
^-^tator. 

3.  The  institution  is  not  a  national  establishment,  as  is  frequently 
^Opposed,  but  the  establishment  of  an  individual,  and  is  to  bear  and 
Perpetuate  his  name. 

4.  The  objects  of  the  Institution  are,  1st,  to  increase,  and  2d,  to  dif- 
^se  knowledge  among  men.  -• 

5.  These  two  objects  should  not  be  confounded  with  one  another. 
Xhe  first  is  to  enlarge  the  existing  stock  of  knowledge  by  the  addition 
of  new  truths ;  and  the  second,  to  disseminate  knowledge,  thus  increased, 
^mong  men. 

6.  The  will  makes  no  restriction  in  favor  of  any  particular  kind  of 
knowledge ;  hence  all  branches  are  entitled  to  a  shan)  of  attention. 

7.  Knowledge  can  be  increased  by  different  methods  of  facilitating 
and  promoting  the  discovery  of  new  truths ;  and  can  be  most  exten- 
sively diffused  among  men  by  means  of  the  press. 

8.  To  effect  the  greatest  amount  of  good,  the  organization  should  be 
such  as  to  enable  the  Institution  to  produce  results,  in  the  way  of  in- 
creasing and  diffusing  knowledge,  which  cannot  be  produced  either  at 
all  or  so  eflBciently  by  the  existing  institutions  in  our  country. 

9.  The  organization  should  also  be  such  as  can  be  adopted  provis- 
ionally ;  can  be  easily  reduced  to  practice ;  receive  modifications,  or  be 
abandoned,  in  whole  or  in  part,  without  a  sacrifice  of  the  funds. 

10.  In  order  to  compensate  in  some  measure  for  the  loss  of  time  occa- 
sioned by  the  delay  of  eight  years  in  establishing  the  Institution,  a 
considerable  portion  of  the  interest  which  has  accrued  a\iOTx\4  Vi^  ^iliSkft.^ 
to  the  prJDcipaL 
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11.  In  proportion  to  the  wide  field  of  knowledge  to  be  cultivated,  the 
funds  are  small.  Jilconomy  should,  therefore,  be  consulted  in  the  cou 
structiou  of  the  building  5  and  not  only  the  first  cost  of  the  edifice  should 
be  considered,  but  also  the  continual  expense  of  keeping  it  in  repair, 
and  of  the  support  of  the  establishment  necessaril3'  connected  \vith  it. 
There  should  also  be  but  few  indfividuals  permanently  supported  by  tbe 
Institution. 

12.  The  plan  and  dimensions  of  the  building  should  be  deterraiiie<l 
by  the  plan  of  the  organization,  and  not  the  converse. 

13.  It  should  be  recollected  that  mankind  in  general  are  to  be  beue- 
fited  by  the  bequest,  and  that,  therefore,  all  unnecessary  expenditure 
on  local  objects  would  be  a  perv^ersion  of  the  trust. 

14.  Besides  the  foregoing  considerations,  deduced  immediately  from 
the  will  of  Smithson,  regard  must  be  had  to  certain  requirenients  of  the 
act  of  Congress  establishing  the  Institution.  These  are,  a  library,  a 
museum,  and  a  gallery  of  art,  with  a  building  on  a  liberal  scale  to  cou 
tain  them. 

SECTION  I. 

Plan  of  organization  of  the  Institution  in  accordance  tcith  the  foregoing 

dedxictions  from  the  xcill  of  SmitJison. 

To  INCREASE  KNOWLEDGE.    It  is  proposed — 

1.  To  stimulate  men  of  talent  to  make  original  researches,  by  offering 
suitable  rewards  for  memoirs  containing  new  truths  ;  and, 

2.  To  Jippropriate  annually  a  portion  of  the  income  for  particular  re- 
searches, under  the  direction  of  suitable  persons. 

To  DIFFUSE  KNOWLEDGE.    It  is  proposed — 

1.  To  publish  a  series  of  periodical  reports  on  the  progress  of  the 
different  branches  of  knowledge ;  and, 

2.  To  publish  occasionally  separate  treatises  on  subjects  of  general 
interest. 

DETAILS  OF  THE  PLAN  TO  INCREASE  KNOWl^EDGE. 

I.   By  stimi  lating  researches. 

1.  Facilities  afforded  for  the  production  of  original  memoirs  on  all 
branches  of  knowledge. 

2.  The  memoirs  thus  obtained  to  be  published  in  a  series  of  volumes, 
in  a  quarto  form,  and  entitled  Smithsonian  Contributions  to  Knowledge. 

3.  No  memoir  on  subjects  of  physical  science  to  be  accepted  for  pub- 
lication which  does  not  furnish  a  positive  addition  to  human  knowledge, 
resting  on  orighial  research ;  and  all  unverified  speculations  to  be  re- 
jected. 

4.  Each  memoir  presented  to  the  Institution  to  be  submitted  for  ex- 
amination to  a  commission  of  persons  of  re^vxtatiou  for  learning  in  the 
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braucli  to  which  the  memoir  pertains;  and  to  be  accepted  for  publica- 
tion only  in  case  the  report  of  this  commission  is  favorable. 

5.  The  commission  to  be  chosen  by  the  officers  of  the  Institution,  and 
the  uame  of  the  author,  as  far  as  practicable,  concealed,  unless  a  favor- 
able decision  is  made. 

G.  The  volumes  of  the  memoirs  to  be  exchanged  for  the  transactions 
of  literary  and  scientific  societies,  and  copies  to  be  given  to  all  the  col- 
leges and  principal  libraries  in  this  country.  One  part  of  the  remain- 
ing coi)ies  ma  J'  be  offered  for  sale,  and  the  other  carefully  preserved,  to 
Ibrm  complete  sets  of  the  work,  to  supply  the  demand  from  new  insti- 
tutions. 

7.  An  abstract,  or  popular  account,  of  the  contents  of  these  memoirs 
to  be  given  to  the  public  through  the  annual  report  of  the  Eegents  to 
Cougress. 

If.  By  appropriating  a  part  of  the  income^  annually^  to  special  objects  of 

research^  under  the  direction  of  suitable  persons. 

1.  The  objects  and  the  amount  appropriated,  to  be  recommended  by 
Counsellors  of  the  Institution. 

2.  Appropriations  in  different  years  to  different  objects;  so  that  in 
course  of  time  each  branch  of  knowledge  may  receive  a  share. 

3.  The  results  obtained  from  these  appropriations  to  be  published,, 
with  the  memoirs  before  mentioned,  in  the  volumes  of  the  Smithsonian. 
Contributions  to  Knowledge. 

4.  Examples  of  objects  for  which  appropriations  maybe  made. 

(1.)  System  of  extended  meteorological  observations  for  solving  the 
problem  of  American  storms. 

(2.)  Explorations  in  descriptive  natural  history,  and  geological,  mag- 
nctical,  and  topographical  surveys,  to  collect  materials  for  the  formation 
of  a  physical  atlas  of  the  United  States. 

(3.)  Solution  of  experimental  problems,  such  as  a  new  determination 
of  the  weight  of  the  earth,  of  the  velocity  of  electricity,  and  of  light  ^ 
chemical  analyses  of  soils  and  plants;  collection  andi)ublication  of 
scientific  facts  accumulated  in  the  offices  of  government. 

(4.)  Institution  of  statistical  inquiries  with  reference  to  physical,, 
moral,  and  political  subjects. 

(5.)  Historical  researches,  and  accurate  surveys  of  places  celebrated  in 
American  history. 

(C.)  Ethnological  researches,  j)articularly  with  reference  to  the  differ- 
ent races  of  men  in  North  America ;  also,  exi)lorationjs  and  accurate 
surveys  of  the  mounds  and  other  remains  of  the  ancient  people  of  our 
Country. 
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DETAILS  OF  THE  PLAN  FOR  DIFFUSING  KNOWLEDGE. 

I.  By  the  publication  of  a  series  of  reports  j  giving  an  account,  of  the  nc» 
discoveries  in  science,  and  of  the  clianges  made  from  year  to  year  in  all 
brandies  of  Icnowledge  not  strictly  professional. 

1.  These  reports  will  diffuse  a  kind  of  knowledge  generally  interest- 
ing, but  which,  at  present,  is  inaccessible  to  the  public.  Sowe  of  the 
reports  may  be  published  annually,  others  a£  longer  intervals,  as  the 
income  of  the  Institution  or  the  changes  in  the  branches  of  knowledge 
may  indicate. 

2.  The  reports  are  to  be  prepared  by  collaborators  eminent  in  the  dif- 
ferent branches  of  knowledge. 

3.  Each  collaborator  to  be  furnished  with  the  journals  and  publica- 
tions, domestic  and  foreign,  necessary  to  the  compilation  of  his  report; 
to  be  paid  a  certain  sum  for  his  labors,  and  to  be  named  on  the  title- 
page  of  the  report. 

4.  The  reports  to  be  published  in  separate  parts,  so  that  persons  iuter- 
eeted  in  a  particular  branch  can  procure  the  parts  relating  to  it  without 
purchasing  the  whole. 

5.  These  reports  may  be  presented  -to  Congress,  for  partial  distribu- 
tion, the  remaining  copies  to  be  given  to  literary  and  scientific  institu- 
tions, and  sold  to  individuals  for  a  moderate  price. 

The  following  are  some  of  the  subjects  which  may  be  embraced  in  the 
reports  :• 

I.  PHYSICAL  CLASS. 

1.  Physics,  including  astronomy,  natural  philosophy,  chemistry,  and 
meteorology. 

2.  Natural  history,  including  botany,  zoology  geology,  &c. 

3.  Agriculture. 

4.  Application  of  science  to  arts. 

II.  MOBAL  AND  POLITICAL  CLASS. 

5.  Ethnology,  including  particular  history,  comparative  philology* 
Antiquities,  &c. 

6.  Statistics  and  political  economy. 

7.  Mental  and  moral  philosophy. 

8.  A  surv^ey  of  the  political  events  of  the  world ;  penal  reform,  &c. 

in.  LITERATURE  AND  THE  FINE  ARTS. 

9.  Modem  literature. 

10.  The  fine  arts,  and  their  application  to  the  useful  arts. 

11.  Bibliography. 

12.  Obituary  notices  of  distinguished  individuals. 

'Tills  part  of  the  plan  has  been  bat  partiaUy  carried  oat. 
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11.  By  the  publication  of  separate  treatUes  on  subjects  of  general  interest. 

1.  These  treatises  may  occasionally  consist  of  valuable  memoirs 
:ninshited  from  foreign  languages,  or  of  articles  prepared  under  the 
lirection  of  the  Institution,  or  procured  by  offering  premiums  for  the 
)est  exposition  of  a  given  subject. 

2.  The  treatises  should,  in  all  cases,  be  submitted  to  a  commission  of 
competent  judges,  previous  to  their  publication. 

3.  As  examples  of  these  treatises,  expositions  may  be  obtained  of  the 
present  state  of  the  several  branches  of  knowledge  mentioned  in  the 
:able  of  reports. 

SECTION  II. 

Plan  of  organization^  in  accordance  tvith  tlie  terms  of  the  resolutions  of  the 
Board  of  Regents  providing  for  the  two  modes  of  increasing  and  diffusing 
knowledge. 

1.  The  act  of  Congress  establishing  the  Institution  contemplated  the 
Tormation  of  a  library  and  a  museum ;  and  the  Board  of  Regents, 
including  these  objects  in  the  plan  of  organization,  resolved  to  divide 
the  income*  into  two  equal  parts. 

2.  One  part  to  be  appropriated  to  increase  and  diffuse  knowledge  by 
[neans  of  publications  and  researches,  agreeably  to  the  scheme  before 
given.  The  other  part  to  be  appropriated  to  the  formation  of  a  library 
and  a  collection  of  objects  of  nature  and  of  art. 

3.  These,  two  plans  are  not  incompatible  with  one  another. 

4.  To  carry  out  the  plan  before  described,  a  library  will  be  required, 
consisting,  Ist,  of  a  complete  collection  of  the  transactions  and  proceed- 
ings of  all  the  learned  societies  in  the  world ;  2d,  of  the  more  important 
current  periodical  publications,  and  other  works  necessary  in  preparing 
the  periodical  reports. 

5.  The  Institution  should  make  special  collections,  particularly  of  ob- 
jects to  illustrate  and  verify  its  own  publications. 

6.  Also,  a  collection  of  instruments  of  research  in  all  branches  of  ex- 
perimental science. 

7.  With  reference  to  the  collection  of  books,  other  than  those  men- 
tioned above,  catalogues  of  all  the  different  libraries  in  the  United 
States  should  be  procured,  in  order  that  the  valuable  books  first  pur- 
chased may  be  such  as  are  not  to  be  found  in  the  United  States. 

8.  Also,  catalogues  of  memoirs,  and  of  books  and  other  materials, 
should  be  collected  for  rendeyngthe  Institution  a  center  of  bibliograph- 
ical knowledge,  whence  the  student  may  be  directed  to  any  work  which 
be  may  require. 

^  Tbe  amount  of  the  SmithsoDian  bequest  received  into  the  Treasury  of 

the  United  States  is $515,169  00 

tntereet  on  the  same  to  July  1, 1846,  (devot«d  to  the  erection  of  the  building)  242, 129  00 
A^nnaal  income  from  the  beqoest ?ft^^V!i  W 
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9.  It  is  believed  that  the  collectious  in  natural  history  will  increase 
by  donation  as  rapidly  {is  the  income  of  the  Institution  can  make  pn) 
vision  for  their  reception,  and,  therefore,  it  will  seldom  be  necessary  lu 
purchase  articles  of  this  kind. 

10.  Attempts  should  be  made  to  procure  for  the  gallery  of  an  casts 
of  the  most  celebrated  articles  of  ancient  and  modern  sculpture. 

11.  The  arts  may  be  encouraged  by  providing.a  room,  free  of  expense, 
for  the  exhibition  of  the  objects  of  the  Art-Union  and  other  similar 
societies. 

12.  A  small  appropriation  should  annuajly  be  made  for  models  of  au 
tiquities,  such  as  those  of  the  remains  of  ancient  temples,  &c. 

13.  For  the  present,  or  until  the  building  is  fully  completed,  besides 
the  Secretary  no  permanent  assistant  will  be  required,  except  one,  to 
act  as  librarian. 

14.  The  Secretary,  by  the  law  of  Congress,  is  alone  responsible  to  the 
Ilegents.  He  shall  take  charge  of  the  building  and  property,  keep  a 
record  of  proceedings,  discharge  the  duties  of  librarian  and  keeper  of 
the  museum,  and  may,  with  the  consent  of  the  Regents,  employ  assut- 
ants. 

15.  The  Secretary  and  his  assistants,  during  the  session  of  Congress, 
will  be  required  to  illustrate  new  discoveries  in  science,  and  to  exhibit 
new  objects  of  art.  Distinguished  individuals  should  also  be  invited  to 
give  lectures  on  subjects  of  general  interest. 


This  programme,  which  was  at  first  adopted  provisionally,  has  become 
the  settled  policy  of  the  Institution.  The  only  material  change  is  that 
expressed  by  the  following  resolutions,  adopted  January  15,  1855,  viz: 

Eesolvedy  That  the  7th  resolution  passed  by  the  Board  of  Regents,  on 
the  2Gth  of  January,  1847,  requiring  an  equal  division  of  the  income 
between  the  active  oi)erations  and  the  museum  and  library,  when  the 
buildings  are  completed,  be,  and  it  is  hereby,  repealed. 

Resolved^  That  hereafter  the  annual  appropriations  shall  be  appor- 
tioned specifically  among  the  diftigrent  objects  and  operations  of  the 
Institution,  in  such  manner  as  may,  in  the  judgment  of  the  Regents,  be 
necessary  and  proper  for  each,  according  to  its  intrinsic  importance  and 
a  compliance  in  good  faith  with  the  law. 


REPORT 

OP 

PROFESSOR  JOSEPH  HENRY, 

SECRETARY  OF  THE  SMITHSONIAN  INSTITUTION, 


To  the  Board  of  Regents : 

Gentle^ien:  The  year  1870  may  be  considered  almost  an  epoch  in 
the  history  of  the  Smithsonian  Institution,  since  in  this  year  Congress 
commenced  to  recognize  the  propriety  of  making  something  like  an  ade- 
quate appropriation  to  relieve  the  Smithson  fund  from  at  least  a  portion 
of  the  burden  to  which  it  has  from  the  first  been  subjected  in  the  main- 
tenance and  care  of  the  National  Museum.  During  the  last  session  of 
Congress  an  appropriation  of  $10,000  was  granted  for  the  preservation 
and  exhibition  of  the  national  collection,  and  also  $10,000  toward  the 
preparation  of  the  sei*t)nd  story  of  the  building  for  the  better  care  and 
display  of  the  specimens,  and  an  equal  sum  for  each  of  these  objects  has 
been  asked  at  the  present  session  for  the  year  1871,  and  we  are  assured 
by  influential  members  of  Congress  that  the  request  will  be  granted.  It 
cannot  be  otherwise  than  gratifying  to  the  friends  of  science  th<at  Gov- 
ernment has  at  length  awakened  to  the  importance  of  making  provision 
for  the  independent  support  of  a  National  Museum,  which  w-e  trust  will 
be  worthy  of  the  capital  of  the  United  States.  The  connection  which 
hfts  heretofore  existed  between  the  National  Museum  and  the  Smithson- 
ian Institution  has  been  alike  prejudicial  to  both,  although  more  than 
one  Iialf  of  the  income  of  the  Smithson  fund  has  been  expended  in  main- 
tenance of  the  museum  ;  and  notwithstanding  that  the  Institution,  in 
the  prosecution  of  its  legitimate  objects,  has  collected  many  thousands 
of  specimens  illustrating  the  productions  of  the  North  American  conti- 
nent, the  public  museum  hasnotyet,  owing  to  the  inadequacy  of  means, 
been  such  as  might  be  expected  from  the  reputation  of  the  Insti- 
tution or  the  character  of  our  Government. 

The  National  Museum  was  established  i)revious  to  the  acceptance  by 
the  Government  of  the  care  of  the  Smithson  bequest,  and  consisted  at 
first  of  the  specimens  of  natural  history  and  ethnology  collected  by  the 
United  States  exploring  expedition  under  Admiral  Wilkes.  Unfortu- 
nately, from  a  misconception  of  the  terms  of  the  will  of  Smithson,  as  now 
generally  recognized.  Congress  directed  the  appropriation  of  the  income 
of  the  fund  principally  to  a  museum,  a  library,  a  gallery  of  art,  and 
other  local  objects,  which,  though  important  in  themselves,  did  not 
oomport  with  the  liberal  spirit  of  the  bequest,  hot  witti  \X\^  \we.Qi\5i'^  <i1 
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tbe  endowment,  which  was  scarcely  more  than  sufficient  to  properly 
support  an  J'  one  of  these  objects.  Had  it  not  been  for  this  miscoDcep^ 
tion,  it  is  not  improbable  that  before  this  time  Congress  would  have 
made  a  more  liberal  provision  for  the  support  of  the  National  Musenm, 
and  the  scientific  operations  of  the  Institution  which  have  made  it  favor- 
ably known  throughout  the  world  would  have  been  much  more  extended. 
From  the  first  the  organic  law  of  Congress  has,  therefore,  stood  in  the 
way  of  the  full  development  of  the  plan  of  active  operations  of  the  lusti- 
tutionj  and  it  has  only  been  by  the  gradual  enlightenment  of  the  public 
mind  as  to  the  true  character  of  the  will  of  Smithson  and  the  importance 
of  the  plan  of  active  operations,  that,  step  by  step,  and  after  upward  of 
twenty  years  of  continued  effort,  the  latter  has  now  a  fair  prospect  of 
producing  all  the  results  which  have  been  claimed  for  it. 

As  stated  in  previous  reports,  the  library  of  the  Institution  has  been 
incorporated,  under  certain  conditions,  with  that  of  Congress.  The  land 
around  the  building  presented  to  the  Institution  by  the  Government, 
and  upon  which  at  first  about  $10,000  of  the  income  of  the  fund  was 
expended,  has. been  incorporated  with  the  public  reservation  set  aside 
for  a  park,  and  the  cost  of  its  keeping  defrayed  from  the  general  appro- 
priation for  the  maintenance  of  the  public  grounds.  The  establishment 
of  a  gallery  of  art  by  the  liberal  endowment  of  Mr.  Corcoran  obviates 
the  necessity  of  anything  further  being  done  in  this  direction  by  tbe 
Institution. 

Still  the  emancipation  of  the  fund  from  local  objects  is  not  as  thorongb 
as  could  be  wished.  It  would  be  better,  in  my  opinion,  that  the  public 
museum  should  be  entirely  separated  from  the  Institution.  The 
appropriations  of  Congress  are  frequently  fitful,  and  the  distinction 
between  appropriations  for  the  museum  and  for  the  Institution  is  not 
a«  manifest  as  is  desirable.  It  is  the  wiser  i)olicy  of  the  Institution  to 
ask  no  appropriations  from  Congress  for  its  own  legitimate  objects,  in 
order  that  it  may  be  kept  entirely  free  fronr  political  influence.  '  We 
must,  however,  be  content,  in  the  attainment  of  an  object  depending 
upon  legislative  enactment,  with  securing  a  part  of  what  we  wish,  if  we 
cannot  obtain  the  whole. 

Finances. — The  following  is  a  general  statement  of  the  condition  of 
the  Smithson  fund  at  the  end  of  the  year  1870,  or  rather  at  the  begin- 
ning of  the  year  1871 : 

The  amount  originally  received  as  the  bequest  of  James 
Smithson,  of  England,  deposited  in  the  Trei\sury  of  the 
United  States,  in  accordance  with  the  act  of  Congress  of 
August  10, 1846 $515, 169  00 

The  residuary  legacy  of  Smithson  received  in  1865,  also 
deposited  in  the  Treasury  of  the  United  States,  in  accord- 
ance with  the  act  of  Congress  of  February  8, 1867 26, 210  63 

Making  tbe  bequest  of  Smithson 541^  379  63 
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Additions  from  savings,  &c.,  also  in  the  United  States 

Treasury,  as  a  part  of  the  original  fuud $108,  G20  37 

Id  Virginia  State  stock,  $72,7G0,  valued  at 48, 000  00 

Cash  on  band 21, 477  81 

719,  477  81 


The  income  from  the  fund  during  the  year  1870,  including  the  pre- 
mium on  gold,  was  $43,363  12.  This  amount  is  $6,152  08  less  than 
that  for  1809,  due  to  the  difference  in  the  premium  on  coin. 

No  interest  has  been  received  from  the  State  of  Virginia  for  1869  and 
1870.  Up  to  1870  the  usual  appropriation  from  Government  for  the 
care  of  the  National  Museum  was  $4,000,  but  for  the  fiscal  year  com- 
mencing July  1,  1870,  this  amount  was  increased,  as  we  have  before 
stated  to  $10,000.  Of  this  sum  $5,024  have  been  placed  to  the  credit 
of  the  museum ;  the  whole  expense,  however,  of  keeping  the  museum, 
irrespective  of  the  interest  on  the  building,  amounted  to  at  least  $15,000. 

The  remainder  of  the  income  (excepting  $508  16)  was  expended  in 
publications,  exchanges,  researches,  salaries,  &c.,  and  nearly  $5,000  for 
repairs  on  the  building. 

Congress  also  granted,  as  previously  stated,  an  appropriation  of 
$10,000  toward  fitting  up  the  large  hall  for  the  better  preservation  and 
display  of  the  collections ;  but  of  this  nothing  has  been  drawn  during 
the  year,  the  plans  and  other  preparations  for  the  improvement  of  the 
building  not  having  been  completed.  From  the  foregoing  statement  it 
will  be  evident  that  the  Smithson  funds  are  in  a  prosperous  condition, 
and  that  should  Congress  continue  annually  to  make  an  adequate  sup- 
port for  the  museum,  they  would  be  sufficient  on  the  part  of  the  insti- 
tution to  extend  its  usefulness  far  beyond  what  it  has  yet  accom- 
plished. 

As  a  part  of  the  history  of  the  Institution,  and  injustice  to  the  gen- 
erosity of  one  of  its  earliest  friends,  I  may  mention  under  the  head  of 
finance,  that  for  many  years  during  the  controversy  which  existed 
between  the  regents  and  the  contractors  in  regard  to  the  building, 
James  M.  Carlisle,  esq.,  of  thl«  city,  acted  as  counsel  for  the  Institu- 
tion, and  has  subsequently  given  advice  on  points  of  law  which  have 
arisen  in  conducting  the  various  operations  of  the  establishment. 
These  services,  the  usual  charges  for  which  would  amount  to  compara- 
tively a  large  sum,  have  been  gratuitously  rendered  to  the  Institution; 
for  which  liberality  I  would  recommend  a  special  resolution  of  thanks 
by  the  Board. 

PuhlicatioTiis, — The  publications  of  the  Institution  are  of  three  classes — 
the  Contributions  to  Knowledge,  the  Miscellaneous  Collections,  and  the 
-Annual  Eeports.  The  first  consist  of  memoirs  containing  positive 
additions  to  science  resting  on  original  research,  and  vi\iic\i  ^^  ^<^\\!^\- 
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ally  tlie  result  of  iuvestigations  to  which  the  Institution  has  in  some 
way  rendered  assistance.  The  Miscellaneons  Collections  are  chiefly 
composed  of  works  intended  to  facilitate  the  study  of  certain  branches  of 
natural  history  or  of  meteorology,  anil  are  designed  especially  to  induce 
individuals  to  engage  in  studies  as  specialties,  to  which  in  leisure 
moments  their  thoughts  may  recur,  and  by  observations  and  collections 
in  relation  to  which  the}"  maj'  not  only  contribute  to  their  own  pleasnre 
but,  also,  advance  the  cause  of  science.  The  Annual  Kejiorts  are  pnb- 
lished  at  the  expense  of  the  Government,  with  the  exception  of  the 
illustrations,  which  are  furnished  by  the  Institution. 

During  the  past  year  the  sixteenth  volume  of  the  Smithsonian  Con- 
tributions to  Knowledge  has  been  published  and  distribnted.  It 
contains  494  pages,  and  is  illustrated  with  73  wood-cuts  and  19 
plates.  The  several  articles  contained  in  this  volume,  which  were  also 
published  and  distributed  separately,  are  as  follows  : 

The  Gray  Substance  of  the  Medulla  Oblongata  and  Trapezium,  hy 
John  Dean,  M.  D.    4to,  pp.  80.    Sixteen  plates,  five  wood-cuts. 

Results  of  Meteorological  Observations  made  at  Brunswick,  Maine, 
between  1801  and  1859,  by  Parker  Cleaveland,  LL.D.  Reduced  and 
discussed  at  the  expense  of  the  Smithsonian  Institution,  by  Charles  A. 
Schott.     4to,  pp.  00.     Eight  wood-cuts. 

Results  of  Meteorological  Observations  made  at  Marietta,  Ohio,  be- 
tween 182G  and  1859,  inclusive,  b^^  S.  P.  Hildreth,  M.  D. ;  to  which  are 
added  Results  of  Observations  taken  at  Marietta,  by  Mr.  Joseph  AVoml, 
between  1817  and  1823.  Reduced  and  discussed  by  the  Smithsonian 
Institution,  by  Charles  A.  Schott.    4to,  pp.  52.    Fourteen  wood-cuts. 

Ou  the  Gliddon  Mummy  Case  in  the  Museum  of  the  Smithsouian 
Institution,  by  Charles  Pickering.     4to,  p.  G.    One  plate. 

The  Orbit  and  Phenomena  of  a  Meteoric  Fire-Bal),  seen  July  20 
18G0,  by  Professor  James  LI.  Coffin,  LL.  D.  4to,  p.  ^ij.  Two  plates 
two  wood-cuts. 

On  the  Transatlantic  Longitude,  bj'  Benjamin  xVpthorp  Gould.  4to 
pp.  110. 

The  Indians  of  Cape  Flattery,  at  the  entrance  to  the  Strait  of  Fuca 
Washington  Territory,  by  James  G.  S\>ian.  4to,  pp.  118.  Forty-foui 
wood-cuts. 

The  Seventeenth  volume  of  Smithsonian  Contributions,  that  for  th 
year  1871,  has  also  been  printed,  is  in  the  hands  of  the  binder,  and  wil 
soon  be  ready  for  distribution.  It  consists  of  a  single  memoir  of  CO: 
quarto  pages,  presenting  the  result  of  an  elaborate  original  investig.atioi 
by  Lewis  H.  Morgan,  esq.,  of  Rochester,  New  York,  on  the  '*  Systems  o 
Consanguinity  and  Affinity  of  the  Human  Family." 

This  memoir,  of  which  an  account  has  been  given  in  a  previous  report 
was  first  referred  to  a  commission  consisting  of  Professor  J.  II.  Mcllvaini 
and  Professor  William  Henry  Green,  of  Princeton,  New  Jersey,  who  re 
commended  its  publication,  but  advised  certain  changes  in  the  method  ol 
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presenting  tlie  subject.  After  these  modifications  had  been  made,  it 
^as  submitted  to  the  American  Oriental  Society,  and  was  by  it  referred 
to  a  special  committee,  consisting  of  Messrs.  Hadley,  Trumbull,  and 
Whituey,  who,  having  critically  examined  the  memoir,  reported  that  it 
contained  a  series  of  highly  interesting  facts,  which,  they  believed,  the 
students  of  philology  and  ethnology,  though  they  might  not  accept  all 
the  conclusions  of  the  author,  would  welcome  as  valuable  contributions 
to  science. 

The  investigations  of  Professor  Newcomb,  relative  to  a  new  orbit  of 
the  planet  Uranus,  in  continuation  of  those  relative  to  the  planet  Nep- 
tune, an  account  of  which  was  given  in  previous  reports,  have  been  tem- 
porarily interrupted  by  the  visit  of  the  author  to  Europe  to  observe  the 
total  eclipse  of  last  December,  and  to  collect  ancient  observations  for 
correcting  the  mean  motion  of  the  moon.  These  investigations  were 
commenced  as  far  back  as  1860,  but  Professor  Newcomb  had  so  little 
time  to  spare  from  oflficial  duties,  and  had  to  depend  so  much  upon  him- 
self on  account  of  the  methods  to  be  employed,  that  four  years  elapsed 
before  even  the  first  formulae  for  the  perturbations  were  computed.  The 
best  accepted  elements  of  the  planets  were  first  used,  viz,  those  of 
Bouvard  for  Jupiter  and  Saturn,  and  those  of  Pierce  and  Kowalski  for 
Neptune.  The  calculated  places  of  Uranus  and  Neptune  were  found 
from  these  data  to  differ  so  widely  from  the  true  ones  given  by  observa- 
tion as  to  show  that  the  elements  of  these  planets  which  had  been 
adopted  were  not  to  be  relied  on.  A  re-investigation  of  their  orbits 
therefore  became  necessary.  That  of  Neptune  was  made  exhaustive. 
The  magnitude  of  the  corrections  required  in  the  old  elements  is  shown  b  v 
the  fact  that  the  longitude  of  the  perihelion  of  Neptune  was  changed 
by  abont  four  degrees.  This  investigation  was  published  by  the  Insti- 
tution in  18G5,  and  the  tables  for  predicting  the  position  of  the  planet 
^ere  immediately  adopted  bj^  the  nautical  almanacs  of  England,  (jcr- 
Diany,  and  this  country,  and  afterward  by  that  of  France,  so  that  the 
computations  of  Neptune's  motion  are  now  generally  made  from  them. 

The  elements  of  Uranus  were  next  so  far  corrected  by  a  preliminary 
investigation,  that,  with  the  perturbations  already  computed,  the  motion 
of  the  planet  from  the  time  of  its  discovery  in  1781  until  1862  was  repre- 
sented within  a  very  few  seconds  of  arc.  On  collecting  the  perturba- 
tions of  Saturn  there  appeared  to  be  considerable  discrepancy  between 
the  old  ones  employed  in  Bouvard's  tables  and  those  since  comimted 
by  Hansen.  As  there  could  be  little  doubt  of  the  correctness  of  the 
latter,  Professor  Newcomb  accepted  them  as  the  basis  of  a  preliminary 
investigation  of  the  orbit  of  Saturn,  and  obtained  elements  which  repre- 
sented its  motion  near  enough  for  the  purpose  desired.  The  elements 
of  Jupiter  were  found  to  be  sufticiently  near  the  truth.  The  old  com- 
putations of  the  '*  first-order''  of  perturbations  were  then  corrected,  and  to 
IJuard  against  the  possibility  of  an  error  the  perturbations  were  then 
^'^^mputed  by  an  entirely  diflferent  method.    After  long  ^tu<V5  «t\i<5i\^%t 
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the  author  was  enabled  to  devise  a  method  more  simple  than  any  before 
employed,  of  which  the  quantities  previously  calculated  furnished  the 
basis,  and  which  has  the  great  advantage  of  being  easily  applicable  to 
the  perturbations  of  the  second  order.  The  results  of  the  two  compnta- 
tions  have  been  found  to  agree  very  closely.  The  more  important  terns 
of  the  second  order  have  been  once  computed,  but  will  be  gone  over 
again  to  insure  correctness.  The  most  difficult  part  of  the  work  is  now 
completed.  An  appropriation  has  been  made  by  the  Institution  for  defray- 
ing the  expense  of  the  clerical  labor  which  is  required  in  preparing  the 
tables  and  performing  the  other  laborious  arithmetical  calculations 
necessary  in  reducing  theubstract  mathematical  results  to  practical  use. 

Among  the  papers  accepted  for  publication  are  three  by  Major 
General  J.  G.  Barnard,  United  States  Army.  The  first  of  these  relate* 
to  the  "Precession  of  the  Equinoxes  and  Nutation  as  identified  with  the 
phenomena  of  the  Gyroscope.''  All  writers  who  explain  the  "Prece^ 
sion"  in  a  manner  intended  to  be  more  or  less  adapted  to  popular  com- 
prehension, assume  or  demonstrate  certain  elementary  facts  whicli  are 
common  to  the  general  phenomena  of  the  ^'Precession,''  and  the  move- 
ments of  the  philosophic  toy,  the  "Gyroscope."  The  intention  of  this 
paper  is  to  identify  the  phenomena,  and  to  show  that  a  common  analysis 
leads,  when  properly  adapted  to  the  dififerent  circumstances,  to  their 
solution.  As  a  matter  of  course,  the  introduction  of  the  proper  expres- 
sions for  the  external  forces  into  the  general  equations  of  rotating  bodies 
will  give  the  particular  equations  for  the  special  cases.  In  the 
M^canique  Celeste,  are  thus  derived  the  expressions  for  preces^sion  and 
nutation  ;  but  the  analytical  process  is  difBcult,  and  the  point  of  identi- 
fication of  the  phenomena  with  those  of  the  gyroscope  is,  in  this  point 
of  view,  too  remote  to  be  interesting.  In  this  paper,  solutions  primarily 
obtained  for  the  gyroscope  are  subsequently  made  use  of  to  develop  all 
the  facts  of  precession  and  nutation.  By  the  methods  employed  it  is  in- 
cidentally shown  that  the  phenomena  of  '^deviation"  in  rifled  projectiles 
may  be  explained. 

The  second  paper  by  General  Barnard  is  on  the  motions  of  a  "freely 
suspended  pendulum,"  and  differs  from  other  well  known  discussions  of 
this  problem  in  giving,  as  a  preliminary,  a  simple  explanation  of  the 
origin  of  the  forces  which,  on  the  surface  of  the  rotating  earth,  cause  a 
progressive  azimuthal  motion  of  the  plane  of  vibration  5  and  furnishing 
the  analytical  expressions  for  these  identical  with  those  of  Poissotx 
obtained   by  other  processes.    These  same  expressions  exhibit  forc^* 
which  more  or  less  sensibly  affect  all  motions  of  material  bodies  ^^^ 
or  near  the   earth's    surface,  as  e.  g.  the  tidal  currents,  the  wind-  ^ 
the  trajectories  of  projectiles,  &c.    The  expressions  obtained  for  tK  ^ 
pendulum  are  developed  with  much  greater  detail  than  has  been  dor 
ip  previous  works.     The  differential    expressions   for  the  vibratior"^ 
of  the  so-called  "spherical  pendulum"  are  integrated  by  developraei^^ 
into  series,  and  expressions  approximately  accurate,  obtained  for  tl^^ 
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azimutbal  motion  of  the  apsides  of  the  quasi-elliptical  orbit.  Inasmuch 
as  in  all  actual  experiments  with  the  freely  suspended  pendulum  the  vi- 
brations soon  assume  the  "spherical"  character,  these  latter  expressions 
are  really  important  as  corrections  to  the  azirauthal  motion  properly  due 
to  the  earth'H  rotation,  and  may  explain  the  small  variations  from  the 
latter  which  the  experiments  generally  exhibit.  It  is  believed  that  these 
corrections  have  never  before  been  applied,  or  indeed  actually  put  into 
simple  analytical  shape.  It  is  furthen  shown  that  if  a  freely  suspended 
pendulum  is  made  to  swing  through  a  great  circle  with  very  high  velocity, 
the  plane  of  its  orbit  remains  invariable  in  direction,  in  space,  and  that 
in  this  phase  the  phenomenon  is  identical  with  that  shown  by  a  gyro- 
scopic disk,  as  it  was  arranged  by  Foucault  to  exhibit  the  rotation  of 
the  earth. 

A  third  paper  by  the  same  author  is  «'  on  the  Phenomena  of  Preces- 
sion and  Nutation  as  affected  by  the  internal  structure  of  the  earth," 
and  is  an  attempt  to  corroborate  the  dictum  of  Sir  William  Thompson, 
that  the  phenomena  of  the  precession  and  nutation  do  authorize  some  con- 
clusions— very  limited,  indeed — concerning  the  internal  structure  of  the 
earth,  inasmuch  as  it  is  proved  that  the  very  commonly  received  geo- 
lo^c  hypothesis  of  a  thin  crust  enveloping  a  molten  fluid  is  inconsist- 
ent with  the  actual  phenomena  as  observed. 

As  the  basis  of  the  argument,  the  theorem  is  analytically  demonstrated 
that  an  entirely  fluid  earth  (t.  c.,  entirely  destitute  of  solid  crust  and 
without  internal  viscidity)  would  exhibit  neither  precession  nor  nuta- 
tion. In  other  words,  that  the  tilting  effects  of  the  solar  and  lunar 
attractions  would  be  exactly  neutralized  by  the  centrifugal  forces  due 
to  the  tidal  protuberances  they  develop.  Pari  ratione^  if  the  figure  of 
the  earth  yields  at  all  to  the  attractions,  the  precession  and  nutation 
will  be  neutralized  in  exact  proportion  to  the  extent  (as  compared  with 
a  perfect  fluid  globe)  to  which  that  yielding  obtains. 

Sir  W.  Thompson  has  proved  that  even  an  earth  entirely  solid  must 
yield^  unless  its  rigidity  to  the  depth  of  two  or  three  thousand  miles 
greatly  exceeds  that  of  steel ;  a  thin  crusty  say  thirty  or  forty  miles 
'hick,  such  as  geological  hypothesis  attributes  to  the  earth,  if  envelop- 
Dg  a  fluid  nucleus,  would  yield  nearlj^  as  much  as  if  the  earth  were 
ntirely  fluid.  But  the  observed  rates  of  precession  and  nutation  con- 
orm  almost  exactly  to  the  hypothesis  of  perfect  rigidity.  Hence,  the 
lypothesis  of  a  thin  crust  is  untenable.  Incidentally  the  fallacy  of  the 
xperiment  (with  rotating  spherical  glass  shells,  containing  water)  and 
xgument  of  M.  Delaunay  to  invalidate  the  conclusions  of  Professor 
lopkins  and  Professor  Thompson  is  exhibited,  and  the  opinions  of 
?ois8on  concerning  the  internal  structure  of  the  earth  are,  according  to 
he  author,  shown  to  coincide  better  with  observed  facts  than  those  of 
my  other  physicist. 

Another  paper  has  been  examined  and  accepted  for  publication 
entitled  "  The  Secular  Variations  of  the  Orbits  of  the  P\aiieilsJ^  >o^  5^\i 
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F.  Stock  well.  If  but  one  planet  revolved  around  the  sun  its  path  in  space 
would  be  a  true  ellipse,  w^hich  would  always  be  the  same  in  fonn  and 
l)osition  5  but  if  several  planets  revolve  at  the  same  time  around  the 
central  body,  their  mutual  attraction  will  disturb  the  regularity  of  the 
elliptical  motion.  The  mutual  action  of  the  planets  on  each  other  pro- 
duces two  classes  of  disturbance,  one  of  which  consists  in  a  change  of  the 
motion  of  each  planet  in  its  elliptical  orbit,  in  some  parts  of  its  path 
moving  faster  and  in  others  slower  than  it  would  if  undisturbed;  the 
other  consists  of  a  change  in  the  form  and  relative  position  of  the 
elliptical  orbit.  The  first  is  called  the  periodic  inequalities,  and  the 
second  the  secular  variations.  They  are,  however,  both  periodical, 
though  the  first  runs  through  its  changes  in  a  short  time,  while  the  lat- 
ter requires  centuries  to  complete  its  cycle.  The  object  of  the  investi- 
gations of  Mr.  Stockwell  is  to  determine  the  numerical  value  of  the 
secular  changes  of  the  elements  of  the  orbits  of  the  planets  of  our  sys- 
tem. Several  partial  solutions  of  this  problem  have  been  obtained  by 
previous  authors,  but  they  have  been  approximations  based  upon  data 
less  perfect  than  that  which  is  at  present  afforded  in  the  discovery  of 
the  new  planet  Neptune,  and  the  better  determination  of  the  masses  of 
the  other  bodies  composing  our  systenl. 

The  expense  of  the  publiciition  of  this  paper  is  defrayed  by  tlie  Hb- 
era!  donation  of  $1,200  from  a  friend  of  science,  who  declines  to  allow 
his  name  to  be  mentioned.  We  cannot,  however,  permit  the  fact  to  pass 
unnoticed  of  this  examj^le  of  the  high  appreciation  of  the  value  of 
abstract  science  since  it  does  honor  to  the  intelligence  and  liberality  of  one 
of  our  citizens  engaged  in  active  business  life,  and  may  serve  as  aa 
example  to  stimulate  other  donations  of  a  similar  character. 

In  several  of  the  previous  reports  mention  has  been  made  of  a  gram- 
mar and  dictionary  of  the  Choctaw  language,  in  process  of  preparation 
fdr  the  Institution  by  Dr.  Byington,  for  many  years  a  missionary  among 
the  Choctaw  Indians.    This  work  was  finally  submitted  to  the  Institu- 
tion for  publication,  but  having  been  found  on  examination  to  require 
corrections  it  was  returned  to  the  author  in  order  that  these  might  be 
made.    Before,  however,  this  work  was  completed,  Dr.  Byington  died, 
and  his  MS.  was  given  for  revision  to  Dr.  Brinton,  of  Philadelphia. 
It  was  again  submitted  to  the  Institution  and  referred  to  a  commission 
for  critical  examination.    Dr.  Brinton,  however,  not  satisfied  with  the 
report  of  this  commission,  withdrew  tbe  memoir,  and  presented  it  to  the 
American  Philosophical  Society,  in  whose  transactions  it  has  since  been 
printed.    No  objection  was  made  on  the  part  of  the  Institution  to  this 
transfer,  since  it  has  been  from  the  first  a  part  of  its  policy  never  to 
expend  any  portion  of  its  funds  in  doing  that  which  can  be  done  by 
other  means. 

It  will  be  remembered  that  in  1867,  at  the  suggestion  and  expense  of 
the  Institution,  a  geological  exploration  of  a  portion  of  the  Louisiana 
coast  was  made  by  Professor  E.  W.  Hilgard,  of  the  University  of  Mis- 
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Bissdppi,  mainly  with  a  view  to  ascertain  the  geological  age  and  mode  of 
occurrence  of  the  rock-salt  deposit  of  Petite  Anse.  In  the  absence  of 
definite  data  concerning  the  general  geology  of  Louisiana,  his  observa- 
tions on  the  formations  of  the  coast  (an  abstract  of  which  was  published 
in  the  American  Journal  of  Science,  January,  18G9)  demonstrated,  so 
for  as  the  salt  deposit  was  concerned,  only  tbe  fact  that  in  point  of  age 
it  was  anterior  to  the  drift.  The  impulse  thus  given  to  geological  re- 
search ia  Louisiana,  however,  soon  led  to  further  explorations.  By  sub- 
scription, and  a  special  appropriation  obtained  from  the  commissioners 
of  immigration  of  the  State,  tbe  New  Orleans  Academy  of  Sciences 
raised  a  fund  for  the  purpose  of  enabling  Professor  Hilgard  to  make  a 
general  geological  reconnaissance  of  Louisiana,  which  was  executed  in 
May  and  June,  1869.  This  enabled  him  to  communicate  to  the  American 
Association  for  the  Advancement  of  Science,  at  its  Salem  meeting,  a 
general  sketch  of  the  geology  of  Louisiana.  Almost  simultaneously 
with  the  organization  of  Professor  Ililgard's  second  exploration,  steps 
were  taken  by  the  faculty  of  the  University  of  Louisiana  to  secure  legisla- 
tive aid  for  a  geological  and  physical  survey  of  the  State.  The  latter  is 
now  in  progress,  and  the  second  annual  report  on  the  work  will  soon  be 
published. 

As  regards  the  rock-salt  deposit.  Professor  Ililgard's  observations  in 
Northern  Louisiana  point  to  the  conclusion  thiit  it  is  but  one  of  a  series 
of  cretaceous  outliers,  traversing  the  State  in  a  northwest  and  south- 
east direction,  and  indicating  the  existence  of  an  ancient  ridge  which 
must  have  exerted  an  important  influence  upon  the  physical  conforma- 
tion of  the  Lower  Mississippi  Valley.  The  remarkable  gypsum  and 
sulphur  deposits  of  Calcasieu  are  likewise,  in  his  opinion,  referable  to 
the  same  age.  Professor  Hilgard  has  nearly  completed  a  iinal  memoir 
on  the  geology  of  the  Petite  Anse  region  for  publication  by  the  Insti- 
tution; the  results  of  his  simultaneous  exploration  of  the  Low^er  Mis- 
sissippi and  delta  having  been  communicated  to  the  American  Associ- 
tion  at  the  Troy  meeting,  and  subsequently  presented  to  the  American 
Journal  of  Science. 

Dr.  Horatio  C.  Wood,  of  Philadelphia,  having  completed  an  elaborate 
work  on  the  fresh-water  algiB,  principally  of  microscopic  forms,  pre- 
sented it  to  the  American  Philosophical  Society  and  also  to  the  Academy 
of  Natural  Sciences  of  Philadelphia,  but  the  expense  of  publication  pre- 
vented either  of  these  societies  from  undertaking  it.    It  was  therefore 
offered  to  this  Institution,  and  after  a  critical  examination  has  been 
accepted  for  publication.    As  a  systematic  description  of  the  fresh- 
Water  algae  of  North  America  it  will  form  a  complement  to  the  great 
^orks  on  the  marine  algre,  by  Dr.  Harvey,  published  some  years  ago 
by  the  Smithsonian  Institution.    It  will  be  copiously  illustrated  by 
clrawings,  made  principally  under  the  microscope  and  will  serve  to  illus- 
tTate  an  obscure  department  of  botany,  as  well  as  to  furnish  the  means 
by  which  investi^-ators  oi  minute  microscopic  orgawism^  TCkSOj  \xv»>>L^\)cvfc 
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comparison  of  fossil  and  recent  forms,  a  subject  which  is  now  attnct- 
iu^  much  attention  in  Europe  and  America. 

The  eighth  volume  of  Miscellaneous  Collections  contains  the  following 
papers: 

1.  Monographaof  the  Diptera  of  North  America.  Part  IV.  Prepared 
for  the  Smithsonian  Institution  by  E.  Osten  Sacken.  8vo,  pp.  358. 
Four  plates  and  seven  wood-cuts. 

2.  Catalogue  of  the  Orthoptera  of  North  America  described  previous 
to  1867.  Prepared  for  the  Smithsonian  Institution  by  Samuel  H. 
Scudder.    8vo,  pp.  110. 

3.  Land  and  Fresh-water  Shells  of  North  America.  Part  L  Pulma- 
nata  Geophila.  By  W.  G.  Biuney  and  T.  Bland.  8vo,  pp.  328,  and  544 
wood-cuts. 

4.  Arrangement  of  Families  of  Birds.  Adopted  provisionally  by  the 
Smithsonian  Institution.    8vo,  pp.  8. 

5.  Circular  to  Officers  of  the  Hudson's  Bay  Company.    8vo,  pp.  6. 

6.  Suggestions  relative  to  Objects  of  Scientific  Investigations  in 
Russian  America.    8vo,  pp.  10. 

7.  Circular  relating  to  Collections  in  Archaeology  and  Ethnology. 
8vo,  pp.  2. 

8.  Circular  to  Entomologists.    8vo,  pp.  2. 

9.  Circular  relative  to  Collections  of  Birds  from  Middle  and  South 
America.    8vo,  pp.  2. 

10.  Smithsonian  Museum  Miscellanea.    Pp.  88. 

The  ninth  volume  of  Miscellaneous  Collections  contains — 

1.  Bibliography  of  North  American  Conchology  previous  to  the  year 
I860..  Prepared  for  the  Smithsonian  Institution  by  W.  G.  Binney. 
Part  II.    Foreign  Authors.    8vo,  pp.  302. 

2.  Catalogue  of  Publications  of  Societies  and  of  Periodical  Works 
belonging  to  the  Smithsonian  Institution.  Deposited  in  the  Library  of 
Congress,  1866.    8vo,  pp.  596. 

In  accordance  with  the  plan  adopted  by  the  Institution  of  furnishing 
facilities  and  means  of  i<lentifying  specimens  of  natural  history  in  its 
different  departments,  an  arrangement  was  made  with  Professor  De 
Saussure,  of  Geneva,  Switzerland,  the  highest. authority  on  the  class  of 
insects  known  as  hymenoptera,  (of  which  the  principal  forms  are  wasps, 
bees,  &c.,)  to  prepare  a  monograph  of  this  part  of  entomology.    Large 
collections  have  been  sent  to  him  for  the  work,  to  which  he  has  devoted 
several  years  of  gratuitous  labor.    The  first  part  of  the  manuscript  was 
completed  in  the  French  language  in  1863,  and  for  translation  wa«  placetl 
in  the  hands  of  a  competent  entomologist,  Mr.  Edward  Norton,  of 
Farmington,  Connecticut,  who  volunteered  his  services  from  a  desire  of 
advancing  science.    This  part  of  the  memoir  was  prepared  for  the  press 
in  1864,  but  as  Mr.  Norton  was  obliged  to  be  absent  from  the  countrj' 
several  years,  the  printing  was  delayed  until  his  return,  in  order  that 
the  proof-sheets  might  be  properly  corrected.    By  this  time,  however, 
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80  moch  new  material  bad  been  collected  it  was  tbougbt  advisable  to 
refer  the  work  anew  to  Professor  De  Saussure,  from  whom  it  has  again 
been  received,  and  after  having  been  a  second  time  revised  by  Mr. 
Norton  will  soon  be  sent  to  the  press. 

The  Institution  in  carrying  out  its  original  plan  of  the  preparation  of 
manuals  of  natural  history,  has  thus  made  provision  for  publications 
on  the  coleoptera,  lepidoptera,  neuroptera,  diptera,  orthoptera,  and 
hymenoptera.  Of  the  few  remaining  orders,  a  similar  monograph  of 
the  hemipUra^  by  P.  R.  Uhler,  esq.,  has  been  prepared,  and  will  be  pub- 
lished when  the  funds  will  permit. 

For  many  years  the  Institution  has  intended,  in  consequence  of  the 
scattered  nature  of  the  accounts  of  the  botany  of  the  region  west  of  the 
Mississippi,  and  the  absence  of  any  text-book  in  which  correct  descrip- 
tions could  be  found,  to  publish  a  complete  list  of  the  plants,  with  all  the 
synonyms  and  species.  For  a  working  botanist,  engaged  in  the  study  of 
our  western  plants,  the  search  for  what  has  been  written  takes  more  time 
and  labor  than  all  the  rest  of  his  work,  besides  which  there  is  always 
the  probability  of  overlooking  some  writings  of  importance.  The  design 
has  not  heretofore  been  carried  out,  on  account  of  the  pressure  of  other 
operations,  but  recently  the  great  need  of  this  aid  to  botanical  research 
having  been  urged  on  the  Institution  by  some  of  the  principal  botanists 
of  the  country,  arrangements  have  been  made  with  Mr.  Sereuo  Watson, 
of  New  naveu,  to  prepare  the  work  in  question.  The  expense  of  prepar- 
ation will  be  borne  by  private  subscription,  the  Smithsonian  Institution 
paying  for  the  clerical  labor  and  for  the  publication.  Mr.  Watson  is 
esteemed  highly  competent  for  the  duty  intrusted  to  him,  and  is  favor- 
ably known  from  his  labors  as  botanist  of  the  exploration  of  the  fortieth 
parallel,  under  Clarence  King,  esq.  Good  progress  has  been  made  in 
the  work,  and  during  the  year  we  expect  the  manuscrix)t  to  be  com- 
pleted. 

In  still  further  pursuance  of  the  plan  initiated  by  the  Institution  of 

furnishing  aids  for  the  arrangement  of  collections,  as  illustrated  by  its 

series  of  check-lists  of  specimens,  an  article  by  Professor  Theodore  Gill 

is  in  process  of  publication,  entitled  "  An  Arrangement  of  the  Families 

of  MoUusks.^'    His  system  has  been  adopted  provisionally  as  that  by 

which  the  extensive  collections  of  the  Smith  sonian  shells  are  to  be  arranged 

and  has  been  approved  by  some  of  the  principal  zoologists  of  the  country. 

To  extend  its  benefits,  and  furnish  a  similar  guide  to  other  museums, 

the  list  embraces  families,  recent  and  fossil,  accepted  by  the  best  natu- 

X'alists  of  the  day,  although  embodying  results  of  special  investigations 

Uiade  by  Professor  Gill  and  Mr.  Dall  at  the  Institution. 

The  Annual  Report  for  the  year  1860  was  printed  as  heretofore,  by 
oi'der  of  Congress,  but  there  was  a  reduction  of  one  thousand  in  the 
number  of  extra  copies  usually  furnished  to  the  Institution.  This  re- 
duction must  have  been  the  result  of  inadvertence,  as  we  have  long 
urged  upon  Congress  the  gieat  demand  for  the  document  as  a  reason 


24  EEPORT   OF  THE   SECRETARY. 

for  tbe  increase  of  tjie  edition,  and  have  been  assured  by  many  Senatorg 
and  Ilepresentati ves  that  this  would  be  made.  The  applications  for  the 
report  have  become  so  numerous  that  it  is  impossible  to  supply  all  \?ho 
are  entitled  to  receive  it.  In  this  connection  the  propriety  should  be 
urged  upon  Congress  of  ordering  new  editions  of  such  of  the  reports  as 
have  been  stereotyped.  The  printing  of  these  could  be  done  at  very 
little  expense,  and  would  enable  the  Institution  to  funiish  volumes,  for 
which  there  is  daily  application  from  members  of  Congress  in  behalf  of 
libraries  and  public  institutions,  to  complete  sets  of  the  series. 

In  addition  to  the  report  of  the  Secretary,  giving  an  account  of  tbe 
operations,  expenditures,  and  condition  of  the  Institution  for  tbe  year 
1869,  and  the  proceedings  of  the  Board  of  Eegents,  it  contains  tbe  fol- 
lowing articles :    Memoirs  of  Kepler,  Thomas  Young,  Auguste  Bravais, 
C  T.  P.  Von  Martins,  and  Stefano  Marianini;  an  original  paper  on  tbe 
chemistry  of  the  earth,  by  T.  Sterry  Hunt ;  articles  on  the  electrical 
currents  of  the  earth ;  phenomena  of  flight  in  the  animal  kingdom ;  tbe 
northern  seas ;  report  on  the  transactions  of  the  Society  of  Physics  and 
Natural  History  of  Geneva ;  an  original  article  relative  to  Corouadrfs 
march  in  search  of  the  seven  cities  of  (Jibola,  and  a  discussion  of  their 
probable  location  ;  social  and  religious  condition  of  the  lower  races  of 
man ;  principles  and  methods  of  palaeontology ;  remarks  on  the  Cara 
Gigantesca  of  Yucatan ;  forests  and  their  climatic  influence ;  meteor- 
ites;  remarkable  forms  of  hailstones  in  Georgia;   eruption  of  the 
volcano  of  Colima.    It  is  proper  to  remark  that  the  article  on  the  flight 
of  birds  was  translated  from  the  French  by  Mr.  W.  H.  Dall,  whose 
name  was  accidentally  omitted  at  the  head  of  the  article. 

For  the  j)urpose  of  forming  a  general  map  of  the  North  American 
Continent,  exhibiting  the  plains,  mountains,  valleys,  &c.,  the  Smith- 
sonian Institution  has  collected  a  large  amount  of  material  relative  to 
altitudesj  which  has  been  placed  in  the  hands  of  W.  L.  Nicholson,  esq., 
topographer  of  the  United  States  Post  Oflice  Department,  to  be  dis- 
cussed and  elaborated. 

There  must,  however,  still  remain  in  the  hands  of  individuals  and 
corporjitions  records  of  an  important  character,  v<hich  would  be  of 
great  value  in  properly  carrying  out  the  enterprise.  The  correspondents 
of  the  Institution  are  requested  to  send  to  it  printed  copies  or  original 
manuscripts  of  records,  especially  of  plotted  profiles  or  maps,  pertaining 
to  this  subject. 

In  stating  the  heights,  as  furnished  by  surveys  for  railroads,  whether 
actually  constructed  or  only  projected,  it  is  desirable  that  the  levelings 
be  referred  to  some  known  point  on  connecting  or  intersecting  roads, 
or  to  the  water-surface  (high  water,  low  water,  or  mean  tide)  of  the  ocean 
or  of  one  of  the  great  lakes,  or  to  the  level  of  a  noted  stiige  of  water 
(high  or  low)  of  some  river.  The  crossings  of  the  water-courses,  ridges, 
and  summits  are  particularly  desired,  as  well  as  all  considerable  and 
characteristic  changes  of  level,  giving,  where  much  dift'erence  exists. 
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Iwth  grade-line  and  original  surface;  the  levels  of  all  intersections  Tvith 
other  roads  are  important  as  means  of  comparison,  and  for  checking 
results.    Due  credit  will  be  given  to  all  contributors  to  this  work. 

Exchanges, — The  system  of  international  exchanges,  established  by 
the  Institution,  has  been  continued  with  unabated  zeal  during  the  past 
year.  The  number  of  foreign  establishments  to  which  the  Smithsonian 
and  other  publications  are  distributed,  and  from  which  returns  are 
received  now  amounts  to  over  seventeen  hundred.  It  includes  not  only 
all  the  lirst-class  libraries  and  societies  which  have  established  a  repu- 
tation, but  also  a  large  proportion  of  the  minor  institutions  of  the  Old 
World.  The  following  table  exhibits  the  number  of  foreign  institutions 
in  each  country  with  which  the  Smithsonian  Institution  is  at  present  in 
correspondence: 


Sweden . . 
Norway . , 
Iceland  . . 
Denmark 
Bussia . . . 
Holland  . 


19 

11 

2 

25 

154 

50 

Germany 529 

54 

119 

80 

141 


•Switzerland 


Belgium 

Prance 

Italy 

Portugal 

Spain 

Great  Britain  and  Ireland.. 
Greece 


5 


9 

286 
G 


Turkey 

Africa 

Asia 

Australia 

New  Zealand 

Polynesia 

South  America . . 

West  Indies 

Mexico 

Central  America 
British  America. 
General 


10 

14 

30 

25 

10 

1 

31 

G 

5 

1 

27 

5 


1,744 


During  the  year  1870, 1,805  packages,  containing  many  thousand  dif- 
ferent articles,  were  transmitted  to  foreign  countries.    These  packages 
were  cont^ifncd  in  121  boxes,  having  a  cubical  content  of  1,189  feet,  and 
weighing  31,383  pounds.    The  parcels  received  at  the  Institution  for 
parties  in  this  country  numbered  3,705.    The  separate  volumes  con- 
tained in  these  parcels  would  largely  increase  the  number,  the  Institu- 
tion having  received  5,182  articles  for  its  own  library.    The  war  between 
Prance  and  Germany,  which  commenced  in  July,  affected,  in  some 
degree,  the  number  of  packages  received  from  these  countries,  and  it  is 
probable  that  the  result  of  this  unfortunate  conflict  will  be  still  more 
marked  in  the  diminution  of  the  number  of  scientific  publications  which 
may  be  received  fVom  Europe  in  the  year  1871.    The  Smithsonian  pack- 
ages are  passed  through  all  the  custom-houses  of  the  world  free  of  duty. 
The  only  exception  which  existed  at  the  date  of  the  last  report  was 
that  of  Italy,  and  through  the  intervention  of  the  American  minister, 
Hon.  Mr.  Marsh,  the  Italian  government  has  since  granted  the  same 
privilege. 
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As  in  previous  years,  the  Institution  has  recjeived  great  benefit  from 
the  privileges  of  free  freight  for  its  packages,  accorded  by  a  large  number 
of  steamboat  and  railroad  lines  of  transportation.  In  this  report  as  in 
former  ones,  reference  should  be  made  to  the  liberality  of  the  Pacific  Mail 
Steamship  Company ;  of  the  Panama  Railroad  Company ;  of  the  Pacific 
Steam  Navigation  Company ;  of  the  New  York  and  Mexican  Steamship 
Line ;  of  the  New  York  and  Brazilian  Line ;  of  the  North  German  Lloyds ; 
of  the  Hamburg  American  Packet  Company ;  of  the  French  TrausatlaD 
tic  Company ;  of  the  Inman  Line ;  and  of  the  Cunard  Line.  I  am  happy 
to  announce  that  to  the  foregoing  list  is  to  be  added  the  Anchor  Line  of 
steamers  between  New  York  and  Glasgow,  of  which  Messrs.  Henderson 
&  Brother  are  the  New  York  agents ;  and  I  would  recommend  that  an 
ofilcial  acknowledgment  be  made,  on  the  part  of  the  board,  to  these  gen- 
tlemen for  their  courtesy  in  offering  to  the  Institution  the  same  privileges 
accorded  by  the  other  New  York  lines.  The  Union  Pacific  Eailroad 
Company  has  granted  free  transportation,  although  thus  far  we  have  not 
been  able  to'avail  ourselves  of  the  privilege.  The  Adams  Express  Com- 
pany also  continues  its  liberal  policy  in  regard  to  our  freight.  It  would 
be  quite  impossible  for  the  Institution,  without  the  aid  thus  liberally 
aJQforded,  to  carry  out,  in  its  full  efiBciency,  its  system  of  international 
exchanges,  which,  by  facilitating  the  intercourse  of  scientific  institutions 
and  of  students  throughout  the  world,  constitutes  one  of  ks  most  impor- 
tant features. 

It  is  also  my  duty,  as  well  as  a  great  personal  gratification,  to  inform 
you  of  the  liberality  of  several  of  these  companies,  extended  to  myself 
on  the  occasion  of  the  visit  to  Europe  which  I  made  during  the  past 
summer,  in  obedience  to  your  authority  j  the  agents  of  the  North  Ger- 
man Lloyds,  Messrs.  Schumaker  &  Co.,  of  Baltimore,  and  Messrs.  Ocl- 
richs  &  Co.,  of  New  York,  as  well  as  Mr.  C.  G.  Francklyn,  the  agent  of 
the  Cunard  steamers,  having  offered  me  a  free  passage  across  the  ocean. 

Library. — As  in  previous  years,  large  accessions  have  been  made  to 
the  library  of  the  Institution,  principally  through  the  system  of  interna- 
tional exchanges.  The  following  is  a  statement  of  the  number  of  boots, 
maps,  and  charts  received  during  1870,  most  of  which  have  been  depos- 
ited in  the  National  Library  in  accordance  with  the  arrangement  en- 
tered into  several  years  ago,  and  fully  explained  in.  preceding  reports: 

Volumes : 

Octavo  or  less 842 

Quarto  or  larger 270 

—  i,ty- 

Parts  of  volumes: 

Octavo  or  less 1, 2G3 

Quarto  or  larger 561 
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Pamphlets: 

Octavo  or  less 1, 764 

Quarto  or  larger 302 

2, 066 

Maps  and  charts 179 

Total  receipts 5, 182 


The  following  are  some  of  the  larger  donations  received  in  1870 : 

From  the  ministry  of  the  interior,  Christiania,  Norway^  "Den  Norske 
Lods;"  2  volumes,  octavo,  and  71  charts. 

From  the  Imperial  Botanical  Garden,  St.  Petersburg,  "Sertum 
Petropolitarum  seu  icones  et  descriptiones  plantarum  quae  in  Horto 
Botanico  Imperiali  Petropolitano  floruerenf  Parts  I  and  II,  1846 ; 
UI  and  IV,  1869.    Folio. 

From  His  Majesty  the  King  of  Prussia,  "  Danzig  und  seine  Bauwerke 
in  malerischen  Original-Kadirungen  mit  geometrischen  details  und 
text.  Von  Johann  Carl  Schultz ;  ^'  volumes  I-III,  oblong  folio. 

From  Dr.  Koch,  Bqflin,  127  pamphlets.  University  Theses. 

From  the  Royal  Public  Library,  Dresden,  "  Riedel's  Codex  Diplo- 
maticus  Brandenburgensis;"  41  volumes,  quarto. 

From  the  Agricultural  Association,  Potsdam,  "  Zeitschrift ; "  volumes 
ni-XVIII,  octavo.  " Monatschrift,"  volumes  XIX-XXIII,  octavo; 
and  "  Amtliches  Vereinsblatt,"  1869,  quarto. 

From  the  Austrian  government,  "  EeichsGesetz-Blatt  fur  das  Kaiser 
thuLv  Oesterreieh ;  •'  1849-1869,  quarto,  21  volumes. 

From  the  Mus<^e  de  Douai,  "  Dictionnaire  des  Sciences  M^dicales;" 
volumes  I-LX,  quarto. 

From  the  minister  of  public  instruction,  Florence,  11  volumes  "  On 
Education,  Public  and  Private." 

From  the  minister  of  public  works,  Florence,  25  volumes  and  16 
pamphlets.    Hydraulics,  Navigation,  and  Engineering,  &c. 

From  the  meteorological  office,  London,  "  Daily  Weather  Keports," 
July  1,  1868,  to  June  30,  1870,  (4  volumes  and  6  parts,)  folio;  and 
'*  Quarterly  Weather  Report,"  part  I. 

From  William  Blackmore,  esq.,  Liverpool,  "  Hoare's  Ancient  History 
of  Wiltshire,"  volumes  I  and  II,  folio,  beautifully  illustrated  with 
maps  and  plates.  ''The  People  of  India:  A  series  of  photographic 
illustrations,  with  descriptive  letter-press;"  volumes  I-IV,1868,  quarto. 
''  Tree  and  Serpent  Worship,  or  Illustrations  of  Mythology  and  Art  in 
India  in  the  First  and  Fourth  Centuries  after  Christ;"  quarto;  and 
various  other  works. 

From  the  State  of  Illinois,  State  documents,  14  volumes. 

The  incorporation  of  the  library  of  the  Institution  with  that  of  Con- 
gress continues  to  be  productive  of  the  results  which  were  anticipated 
from  this  union.    The  extensive  series   of  transactions  of  leatwftd 
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societies,  the  number  of  sets  and  volumes  of  which  are  constanQv 
increasing  through  the  Smithsonian  exchanges,  is  an  important  feature 
of  the  National  Library,  while  the  use  of  the  books  on  special  subjects 
belonging  to  the  Government  greatly  enlarges  the  facilities  for  investi- 
gation of  ihe  collaborators  of  the  Institution.  From  the  first  a  har- 
monious co-operation  has  existed  between  the  two  establishments,  and 
on  all  occasions  we  have  found  Mr.  Spofford,  the  accomplished  librariao 
of  Congress,  ready  to  consult  the  interests  of  the  Institution,  and  insert 
on  his  list  of  i>urchases  any  work  which  we  might  indicate  as  desirable 
for  scientific  research.  Professor  Gill,  formerly  in  charge  of  the  Smith- 
sonian library,  and  now  one  of  the  principal  assistants  in  the  Library  of 
Congress,  still  continues  his  connection  with  the  Institution,  and  in 
spending,  as  he  does,  most  of  the  hours  unemployed  in  ofiicial  duty  in 
scientific  research  at  the  Smithsonian  building,  affords  the  means  of 
constant  communication. 

The  National  Library  is  rapidly  increasing  in  value,  both  in  regard 
to  the  number  and  the  character  of  the  books  which  are  annually  added  to 
its  collections.  The  sources  of  increase  are,  first,  the  books  purchased 
by  the  liberal  appropriation  of  Congress ;  seconri,  the  Smithsonian  ex- 
changes ;  and,  third,  the  deposit  of  books  in  accordance  with  the  copy- 
right law.  From  this  last  source  it  has  lately  received  a  very  large 
addition  of  all  the  American  works  secured  by  copy-right  since  the  first 
enactment  of  the  copy-right  law,  and  previously  in  charge  of  the  Secre- 
tary of  the  Interior.  These  books  exhibit  the  phases  of  thought  and 
the  progress  of  the  mental  activity  of  this  country  for  nearly  half  a 
century,  and  have,  therefore,  a  special  value  independent  of  their  literary 
or  scientific  character. 

At  the  time  of  the  organization  of  the  Smithsonian  Institution,  Con- 
gress directed  that  in  order  to  secure  the  right  of  authorship  of  a  book 
three  copies  of  it  should  be  deposited  as  evidence  of  title,  one  in  the 
library  of  the  Institution,  another  in  that  of  Congress,  and  a  third  in 
the  office  of  the  United  States  district  court.  In  the  case  of  a  costlv 
work,  perhaps  in  several  volumes,  this  was  a  tax  on  the  author  or  pub- 
lisher for  the  protection  of  his  property  which  was  not  improperly  con- 
sidered oppressive.  From  considerations  of  justice,  therefore,  as  well  as 
of  a  prudent  regard  to  the  cost  of  the  care  of  these  books,  the  Smithso- 
nian Institution  was  the  first  to  petition  Congress  that  the  law  might  bo 
so  modified  that  only  two  copies  should  be  required  to  be  deposited  as 
evidence  of  title,  and  these  in  the  Library  of  Congress.  The  proposi- 
tion suggested  in  this  petition  was  adopted,  and  I  believe  the  law  en- 
acted in  accordance  with  it  now  meets  with  general  approbation.  It 
is  of  some  importance  that  this  fact  should  be  mentioned,  because  copies 
of  books  are  still  occasionally  sent  to  the  Institution  from  a  want  of  a 
knowledge  of  the  existing  law. 

Besides  the  general  library  of  the  Government  in  the  Capitol  each  of 
the  separate  Departments,  as  well  as  several  of  the  bureaus,  has  a  spe- 
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cial  library.  When  we  add  to  these  the  Washington  Library  and  that 
of  the  Young  Men's  Christian  Association,  the  aggregate  of  the  books 
in  the  city  of  Washington  must  be  greater  than  that  in  any  other  city 
in  the  country  in  proportion  to  the  population.  Unfortunately,  how- 
ever, these  collections  are  not  at  present  as  readily  accessible  to  the 
public  as  could  be  desired.  The  rapid  increase,  however,  of  the  Na- 
tional Library  will  soon  render  the  erection  of  a  separate  building  abso- 
lately  necessary,  and  in  the  new  arrangement  which  will  result  from 
this,  the  different  libraries  can,  perhaps,  be  brought  into  harmonious 
relation,  and  while  provision  is  afforded  for  the  accommodation  of  a 
much  larger  number  of  readers,  the  number  of  hours  during  which  the 
books  are  accessible  may  be  increased. 

Explorations  and  collections, — The  Institution,  has  continued,  during 
the  past  year,  as  heretofore,  to  prosecute  researches  and  explorations 
in  ethnology  and  natural  history,  both  by  detailing  special  agents  for 
particular  work,  and  by  co-operating  with  private  individuals  and 
Government  expeditions,  in  securing  the  desired  result. 

Among  the  more  important  of  the  first-mentioned  class  was  an  inves- 
tigation among  the  mounds  of  Tennessee,  under  Mr.  J.  P.  Stelle.  This 
gentleman  spent  a  number  of  months  in  examining  carefully  several 
groups  of  ancient  mounds,  and  has  furnished  an  interesting  account  of 
his  researches,  accompanied  by  topographical  drawings  of  the  localities, 
and  large  numbers  of  specimens,  obtained  in  the  course  of  his  explora- 
tions. The  report  of  Mr.  Stelle  will  be  printed  in  the  appendix  to  the 
annual  report  of  the  Institution. 

Professor  Baird,  during  his  visit  to  Wood's  Hole,  in  Vineyard  Sound, 
continued  his  investigations  of  previous  years  among  the  shell-heaps 
of  the  coast,  and  added  largely  to  the  collection  in  archajology.  He 
also  devoted  much  attention  to  the  study  of  the  habits  of  the  marine 
fishes  of  that  part  of  the  coast.  Under  the  special  direction  of  Profes- 
sor H.  E.  Webster,  a  system  of  dredging  was  carried  on  in  the  same 
locality,  from  which  an  interesting  series  of  moUusca  and  other  marine 
animals  was  procured. 

Captain  Dow,  of  the  Panama  Eailroad  service,  has  furnished 
imi>ortant  collections  from  Central  America,  among  them  the  skulls 
of  what  will  probably  prove  to  be  a  new  species  of  tapir.  Mr.  Durkee, 
of  Wyoming  Territory,  has  supplied  a  large  number  of  specimens  of 
Dests  and  eggs,  with  fossils  and  other  objects  from  his  locality, 
embracing  several  species  not  before  in  the  collection. 

The  largest  collections,  however,  received  during  the  year,  are  those 
Uiade  by  Professor  Hayden,  as  United  States  geologist  for  the  Territo- 
ries. These,  in  accordance  with  the  law  of  Congress  making  the  Insti- 
tution the  depository  of  all  objects  of  nature  and  art,  natural  history, 
etc.,  belonging  to  the  United  States,  have  been  sent  from  time  to  time 
to  the  Institution,  forming  an  aggregate  of  about  sixty  boxes,  ^u<!l  ^\si- 
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bracing  large  numbers  of  new  species  of  fossil  mammals,  reptiles,  and 
fishes,  with  other  interesting  objects. 

Mr.  E.  McFarlane,  Mr.  James  Lockhart,  and  Mr.  Strachan  Jones,  ^ho 
have  been  extremely  liberal  to  the  Institution  in  previous  years,  have 
again  made  important  additions  to  its  store  of  specimens,  illustrative* 
of  the  natural  history  of  the  region  of  the  far  northwest. 

In  accordance  with  the  understanding  between  the  Institution  and 
the  Medical  Department  of  the  Government,  the  specimens  of  human 
crania  obtained  by  us  have  been  transferred  to  the  Army  Medical  Mo- 
seum,  which  has,  in  turn,  sent  to  the  Institution  all  other  articles  it 
had  received  in  ethnology  and  archaeology.  By  this  means  a  very 
extensive  and  valuable  series  of  specimens  has  been  obtained  by  the 
Institution  during  the  past  year.  A  full  list  of  the  additions  thus  made, 
will  be  found  in  the  appendix  to  the  present  report. 

Another  collection  worthy  of  special  mention  was  presented  to  the  Insti- 
tution by  the  Colonial  Museum,  at  Wellington,  New  Zealand.  This 
consisted  of  bones  of  the  DinorniSj  the  skins  and  skeleton  of  the 
Apteryx^  skins  of  other  birds,  shells,  and  ethnological  specimens  of 
the  country,  and  was  partly  in  return  for  a  valuable  series  of  hooka 
presented  by  the  Institution  to  the  colonial  government. 

The  labors  of  Dr.  Edw.  Palmer,  already  well  known  in  connection  with 
the  ethnological  museum  of  the  Institution,  have  been  continued  daring 
the  present  year,  and  large  numbers  of  articles  of  Indian  manufacture^ 
both  ancient  and  modern,  attest  his  zeal  and  success  as  a  collector.   A 
more  detailed  report  will  be  made  upon  these  when  the  entire  collection 
is  received.    Lieutenant  Ring,  of  the  Army,  has  continued  his  valuable 
donations  from  Alaska,  embracing  specimens  of  animals  as  well  as 
Indian  relics  of  great  antiquity.    From  Captain  C.  M.  Scammon,  of 
the  United  States  revenue  marine,  we  have  received  a  number  of  speci- 
mens and  several  important  communications  in  reference  to  the  seals  and 
whales  of  the  Pacific  coast.    A  memoir  submitted  by  this  gentleman 
to  the  Institution  has  been  published  by  the  Philadelphia  Academy  of 
Natural  Sciences,  and  is  considered  an  important  contribution  to  the 
knowledge  of  the  subject  already  existing.    Dr.  G.  M.  Sternberg  and 
his  brother,  Mr.  C.  H.  Sternberg,  have  transmitted  extensive  and  val- 
uable collections  of  the  tertiary  fossil  plants  of  Kansas,  and  other  objects 
of  interest.    The  former  have  been  found,  on  examination  by  Mr.  Meek, 
to  contain  a  number  of  new  species,  which  will  shortly  be  described. 

It  will  be  remembered  that  an  exploration  of  the  Isthmus  of  Te- 
huantepec,  by  Professor  Sumichrast,  has  been  in  progress  for  some 
years  past,  under  the  direction  of  the  Institution,  the  expense  of  which 
was  defrayed  in  part  by  the  Kentucky  University  at  Lexington,  by  the 
Boston  Society  of  Natural  History,  and  by  the  Academy  of  Natural 
Sciences  of  Philadelphia.  The  labors  of  Professor  Sumichrast  were 
brought  to  a  close  during  the  past  summer,  and  several  of  the  collabo- 
rators of  the  Institution  are  now  at  work  In  Investigating  particular 
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branches  of  the  collection  with  a  view  to  prepare  reports  on  them. 
The  birds  of  the  collection  are  in  charge  of  George  N.  Lawrence ;  the 
insects,  of  Mr.  Scudder ;  the  shells,  of  Mr:  Bland ;  and  the  reptiles  and 
fish,  of  Mr.  Cope.   The  series  is  very  complete,  and  is  believed  to  express 
•  essentially  the  zoological  character  of  an  interesting  portion  of  Mexico. 
As  specially    noteworthy  in  this  connection,  is  the  donation  by  the 
Imperial  Zoological  Museum  of  Vienua,  of  the  skin  and  skeleton  of  the 
European   aurochs.    This  animal,  according  to  Professor  Baird,  is  a 
species  of  bison,  and  very  closely  related  to  the  American  buffalo,  if, 
indeed,  it  be  not,  as  some    naturalists   assert,    the    same.    It   was 
formerly  found  in  abundance  in  Europe,  and  is  mentioned  by  Caesar, 
Tacitus,  and  other  classical  writers.    It  has  been  almost  entirely  exter- 
minated, existing  at  the  present  time  only  to  the  number  of  a  few  head 
in  Lithuania  and  in  the  Caucasus.   The  European  specimens  are  pre- 
served with  jealous  care  by  the  Eussian  authorities,  and  severe  penal- 
ties are  imposed  for  killing  or  even  injuring  them. 

The  number  of  donations  to  the  collection  of  the  Institution  received 
during  the  past  year  is  so  large  that  we  find  it  impossible  at  this  time  to 
give  to  each  that  special  mention  which  it  deserves.  A  list  of  them,  how- 
ever, with  the  names  of  the  donors,  will  be  found  in  the  appendix  to  the 
present  report ;  and  I  embrace  this  opportunity  to  express  the  thanks 
of  the  Institution  to  all  who  have  thus  aided  in  furthering  its  objects, 
and  to  invite  their  kind  cooperation  for  the  future. 

The  usual  statistics  in  regard  to  the  number  of  specimens  catalogued 
during  the  year,  and  the  extent  to  which  the  distribution  of  duplicates 
has  been  made,  will  be  found  in  the  accompanying  tables.  It  will  be 
seen  that  the  average  of  the  past  years  has  been  fully  maintained,  and  that 
as  far  as  the  material  and  force  at  the  command  of  the  Institution  would 
permit,  the  work  has  been  faithfully  carried  on. 

The  mvseum. — Congress  having  made  an  appropriation  for  the  better 
display  of  the  specimens  belonging  to  the  Government,  it  becomes  a 
matter  of  importance  to  carefully  consider  the  character  which  is  to  be 
given  to  the  national  museum.  There  is  scarcely  any  subject  connected 
with  science  and  education  to  which  more  attention  is  given  at  the  pres- 
ent day  than  that  of  collections  of  objects  of  nature  and  art,  known  under 
the  general  denomination  of  museums.    This  arises  from  their  growing 
importance  as  aids  to  scientific  investigation  and  instruction.    As  they 
arc  intended  to  subserve  different  ends  they  are  of  different  characters. 
There  are,  on  the  one  lijind,  large  central  museums  supported  by  Gov- 
ernment  appropriations,  and  on  the  other,  local  museums  which  are 
established  and  sustained  by  societies  and  voluntary  individual  aid. 
The  latter  are  established  in  almost  all  parts  of  the  Old  World,  and 
are  becoming  somewhat  numerous  in  this  country.    The  special  aim 
of  the  directors  of  these  should  be  to  make  full  collections  of  all  the 
objects  of  natural  history  in  their  vicinity,  not  only  for  tbe  m^txvji^tYWi^l 
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the  members  of  the  society,  and  to  diffuse  a  taste  for  the  refined,  intellect- 
ual pleasure,  which  is  derived  from  the  minute  observation  of  the  natural 
world,  but  also  to  furnish  lists  of  local  floras  and  faunae,  and  of  mineral- 
ogical  and  geological  localities  which  may  serve  to  establish  the  area 
of  distribution  of  special  objects  of  nature,  and  thus  contribute  to  the 
extension  as  well  as  the  diffusion  of  knowledge.  The  directors  of  inose- 
umsof  this  character  ought  to  be  careful  not  to  attempt  to  form  general 
collections,  other,  perhaps,  than  a  limited  number  of  specimens  for  com- 
parison, since  it  will  soon  be  found  that  the  cost  and  labor  of  the  proper 
care  and  exhibition  of  the  local  collections  will  equal  the  means  which 
can  be  commanded  for  this  purpose. 

Large  museums  or  collections  supported  by  Government  appropria- 
tions are  of  different  characters,  in  accordance  with  the  objects  they  are 
designed  to  subserve.    They  may  be  intended  exclusively  for  scientific 
research,  and  for  this  purpose  consist  of  large  numbers  of  si>ecimens  and 
duplicates,  as  it  were,  of  the  raw  materials  of  science,  w^hich  have  never 
been  investigated,  but  which  may  serve  for  the  study,  of  the  produc- 
tions of  entirely  unexplored  regions.    Ifc  has  been  the  policy  of  this 
Institution  to  mjike  collections  of  this  kind,  to  submit  them  to  experts 
for  critical  examination,  and  to  publish  such  descriptions  as  would 
render  them  subservient  to  the  progress  of  scientific  generalization.   If 
these  descriptions  were  exhaustive,  the  original  specimens  would  no 
longer  be  required  for  further  scientific  investigation;  but,  unfortunately, 
the  characteristics  and  peculiarities  of  the  specimens  are  only  partially 
recognized  and  represented  at  any  one  period,  and  hence  it  becomes 
necessary  from  time  to  time  to  go  over  the  same  ground  in  order  to 
verify  or  disprove  new  and  ingenious  suggestions  as  to  peculiarities  and 
relations  not  hitherto  recognized;  the  specimens  must  therefore  be  pre- 
served, especially  if  they  are  of  such  a  character  as  cannot  readily  be 
replaced.    In  making  such  collections  the  Smithsonian  Institution  has 
done,  perhaps,  more  than  any  other  establishment  during  the  twenty-four 
years  of  its  existence.  It  might,  however,  have  effected  much  more  good 
and  extended  its  influence  more  widely  if  all  the  duplicate  specimens 
had  been  made  up  into  sets  and  distributed  soon  after  they  were  col- 
lected.   But  this  was  impossible  with  the  limited  means  at  the  command 
of  the  Institution  and  the  assistance  it  could  obtain  from  voluntary 
unpaid  collaborators.    Besides  this,  some  advantages  have  resulted  to 
science  from  the  retention  in  the  Institution  of  a  large  number  of  every 
variety  of  a  class  of  specimens.    This  has  enabled  the  naturalist  to  make 
comparisons  which  would  have  been  otherwise  impossible,  to  mark  pecu- 
liarities connected  with  age,  sex,  food,  climate,  etc.,  and  to  observe  the 
diversities  of  form  and  structure  due  to  the  varying  conditions  of  life. 
As  an  illustration  of  this  remark  we  may  refer  to  the  results  which  Pro- 
fessor Baird  has  been  enabled  to  arrive  at  from  the  unrivalled  opportu- 
nity which  he  has  had  in  the  extensive  collection  of  the  Institution,  of 
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studying  the  relations  of  nearly  sixty  thousand  si>ecimens  of  the  birds 
of  North  America. 

The  object  of  the  collection  we  have  just  described  is  exclusively  the 
advance  of  science.  The  specimens  requirie  comparatively  but  little 
space  for  use  and  preservation.  Not  being  intended  for  public  exhibition 
they  need  not  be  mounted,  but  may  be  kept  in  drawers,  or  packed  away 
in  labelexi  boxes  or  casks  until  wanted  for  a  special  investigation. 

Another  class  of  large  museums  are  of  a  mixed  character,  combin- 
ing in  their  object  scientific  investigation  with  special  systematic  and 
collegiate  instruction.  Of  this  class  is  the  great  museum  at  Cambridge, 
supported  principally  by  the  State  of  Massachusetts,  and  under  the 
direction  of  Professor  Agassiz.  This  museum,  which  may  be  consid- 
ered a  model  of  its  class,  embraces — ^first,  an  immense  number  of  origi- 
nal specimens,  in  the  study  and  description  of  which  a  number  of 
accomplished  naturalists  are  continuously  employed ;  second,  a  series 
of  specimens  which  have  been  scientifically  described,,  and  so  arranged 
in  accordance  with  their  affinities  as  to  enable  the  student  in  any 
branch  of  natural  history  to  obtain,  with  the  least  expenditure  of  labor, 
a  definite  knowledge  of  whJit  is  known  of  the  objects  to  which  he  is 
devoting  his  attention ;  third,  a  series  of  specimens  of  genera  sa 
arranged  as  to  serve  as  illustrations  of  the  courses  of  lectures  to- 
the  students  of  the  university  on  such  general  principles  of  natural 
history  as  form  an  essential  part  of  a  liberal  education.  This  museum,, 
therefore,  affords  ample  means  for  the  advancement  of  science  by  origi- 
nal investigation ;  for  the  special  training  of  students  who  desire  to. 
devote  themselves  to  natural  history,  and  for  collegiate  instruction,, 
while  the  facilities  which  it  is  calculated  to  afford  in  these  lines  are  only 
limited  by  the  funds  which  it  can  command. 

Another  class  of  museums  supported  at  the  public  expense  are  those* 

intended  almost  exclusively  for  popular  instruction  and  amusement. 

Museums  of  this  class  have  been  established  in  several  of  the  principal 

cities  of  Great  Britain,  and  I  doubt  not  that  the  beneficial  effects  they 

are  producing  will  induce  other  cities  to  follow  their  example.    The- 

most  important  of  these  is  the  one  at  Liverpool,  in  which  series  of 

generic  specimens  are  admirably  mounted  and  so  arranged  as  to  cles^rly 

exhibit  their  relations  and  affinities.    They  are,  moreover,  all  distinctly 

labeled,  so  that  the  visitor,  almost  without  an  effort,  receives,  definite 

impressions,  valuable  in  themselves,  and  which,  by  association  of  ideas^ 

become  more  important  as  centers  around  which  other  ideas,,  derived 

from  future  reading  and  observation,  may  be  clustered.    Theimpres- 

sions  made  through  the  eye  are  not  only  the  most  definite,  but  also  the 

most  indelible.     Museums  of  this  kind  ought  to  be  establishecft  at  the 

public  expense  in  every  city  or  community  which  can  afford  the  mcana 

for  their  support.    So  popular  are  collections  of  objects  of  natural  hia- 

tory  and  ethnology,  that  large  establishments  of  mere  heterogeneous 

materials  are  freguentlj  sources  of  profit  to  those  to  ^vloiOm  \Jafe^\s^^\i^* 
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In  some  cases,  in  a  better  class  of  museums,  a  small  admission  fee  is 
demanded,  and  the  whole  proceeds  of  this  expended  in  susUiiuing  and 
enlarging  the  collections.    As  an  example  of  this  I  may  mention  the 
public  museum  established  by  Mr.  Woodward  in  Sau  Francisco,  which 
is  not  only  a  source  of  continued  amusement  to  the  inhabitants  of  that 
city,  but  also  a  means  of  adult  education,  since  the  specimens  are  gener- 
ally well  classified  and  properly  labeled.     Advantage  should  be  taken 
through  museums,  of  a  feature  of  the  human  mind  essential  to  pro^ 
gress,  the  desire  for  novelty,  to  lead  the  public  to  the  employment  of 
the  intellectual  pleasure  derived  from  the  study  and  contemplation  of 
nature.    It  is  truly  surprising  how  tastes  may  be  formed,  how  objects 
before  disregarded  may,  when  viewed  as  a  part  of  a  natural  family,  be 
invested  with  attractions  which  shall  ever  after  render  them  som-cesof 
refined  pleasure  and  unalloyed  enjoyment. 

While  the  Smithsonian  Institution  should  continue  to  devote  a  por- 
tion of  its  own  funds  to  assist  in  explorations  which  have  for  their 
object  the  advance  of  science,  the  public  museum,  with  the  care  of 
which  it  is  intrusted  by  Congress,  should,  in  my  opinion,  without  detract- 
ing from  its  scientific  character,  largely  partake  of  the  popular  element 
It  is  to  be  supported  by  the  Treasury  of  the  United  States,  and  should^ 
therefore,  be  an  object  of  interest  to  the  large  number  of  visitors  who 
are  annually  drawn  to  Washington  by  curiosity  or  otherwise,  and  who 
cherish  a  patriotic  piide  in  whatever  redounds  to  the  reputation  of  the 
njitional  capital. 

Besides  specimens  properly  labeled  for  study,  especially  of  the  con- 
tinent of  North  America,  it  should  contain  those  to  fully  illustrate  in 
part,  at  least,  the  more  prominent  divisions  of  the  aniuiiil,  vegetable, 
and  mineral  kingdoms.    These  should  be  so  arranged,  regard  being  bad 
to  artistic  eflfect,  as  to  exhibit  the  principles  of  classification,  the  relation 
of  organs  to  one  another  and  to  those  of  their  allies,  the  phases  of  their 
organization,  and  other  x>eculiarities  relating  to  their  habits  and  places 
in  the  economy  of  nature.    To  assist  in  this,  models  and  pictorial  illus- 
trations of  magnified  smaller  parts  and  of  minute  structures  should  be 
supplied.    In  every  instance  the  objects  should  be  aecompanied  with 
copious  legible  descriptions,  and  in  no  case  should  a  group  contain  » 
single  specimen  more  than  is  absolutely  necessary  for  the  general  purpose- 
Economy  of  space  in  a  public  museum  should  never  be  consulted  at  th^ 
expense  of  clearness  of  illustration.      The  national  museum    should 
contain  skeletons  in  the  original,  or  casts  in  plaster,  of  all  the  larger 
fossil  animals — sections  and  scenic  representations  on  a  large  scale  of^ 
geological  i)eriods,  and  modeled  figures  of  the  different  races  of  men 
and  species  of  animals. 

The  space  which  is  at  present  available  in  the  Smithsonian  building 
for  a  general  public  museum  consists  of  the  following  apartments: 

1.  On  the  first  floor  a  room  200  feet  long  and  50  feet  wide.    2.  Another 
large  room,  in  the  west  wing.  65J  feet  long  by  35  feet  wide,  with  a 
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semi-circular  projection  at  one  end.    3.  A  connecting  rsinge  of  60  feet  long 
by  37  wide.    4.  In  the  second  story  a  single  large  room  of  200  feet  long 
and  50  feet  wide.    The  large  room  on  the  first  floor  is  not  well  adapted  to 
the  display  of  specimens,  since  it  is  occupied  through  its  whole  length 
with  two  rows  of  colossal  columns.    The  upper  room,  however,  as  well 
as  that  in  the  west  wing  of  the  building,  is  entirely  free  from  all  hin- 
*drance  to  an  arrangement  with  a  view  to  the  best  exhibition  of  the 
collections.    I  have  said  that  the  rooms  above  mentioned  constitute  the 
present  available  space  for  the  accommodation  of  the  museum.     When, 
however,  more  space  is  required,  the  eastern  wing,  now  in  part  occupied 
as  a  residence  by  the  Secretary,  can  be  employed  for  the  purpose.    The 
floor  and  partitions  which  separate  the  several  apartments  of  this  por- 
tion of  the  building  are  of  a  temporary  character  and  can  be  readily 
removed.    The  lower  part  of  this  wing  and  its  basement  are  now  used 
for  containing  the  exchanges  and  as  store-rooms  for  duplicate  specimens 
of  geology  and  mineralogy.    In  accordance  with  the  views  which  have 
been  presented,  it  is  intended  to  devote  the  whole  of  the  large  room  in 
the  second  story  of  the  main  biiilding  to  archaeological  objects  with 
skeletons,  life-size  drawings,  and  restorations  of  the  larger  mammals 
contemporary  with  primitive  mjin,  especially  on  the  continent  of  America. 
Second,  to  appropriate  the  wall-surface  and  a  part  of  the  floor-space  of 
the  western  wing  of  the  building  to  mineralogy  and  geology.    The  por- 
tions of  the  extensive  walls  of  this  room  can  be  covered  on  the  east 
side,  which  presents  an  unbroken  surface  above  the  top  of  the  cases  of 
65  feet  by  10  feet,  with  a  geological  section  across  the  continent,  and  the 
opposite  wall  with  drawings  of  the  characteristic  fossils  of  the  strata 
which  are  exhibited  on  the  eastern  wall.    The  side  and  mineral  cases  for 
containing  the  specimens,  besides  exhibiting  a  characteristic  series  of 
specimens,  to  represent  general  geology,  mineralogy,  and  palaeontology, 
will  be  occupied  with  full  sets  of  specimens  to  illustrate  the  geological 
formation  of  North  America,  and  especially  the  mineralogical  resources 
of  this  country. 

The  collection  of  objects  to  illustrate  anthropology  now  in  possession 
of  the  Institution  is  almost  unsurpassed,  especially  in  those  which 
relate  to  the  present  Indians  and  the  more  ancient  inhabitants  of  the 
American  continent.  An  artistic  and  scientific  exhibition  of  these  in 
the  large  room  we  have  mentioned,  could  not  fail  to  be  highly  inter- 
esting to  the  general  public,  the  student  of  ethnology,  and  especially  to 
the  many  intelligent  foreigners  who  visit  the  capital  of  the  United 
States.  There  are  also  in  the  collection  of  specimens  in  charge  of  the 
Institution  full  sets  of  all  the  rocks  and  minerals  collected  by  the 
several  exploring  expeditions  which  have  been  sent  out  by  the  General 
Government,  besides  those  which  have  been  presented  as  free  gifts  or 
in  exchange  to  the  Institution  from  all  parts  of  our  continent.  We  can, 
therefore,  with  scarcely  any  additional  material,  or  only  with  such  as 
can  be  readily  obtained,  render  the  national   museum  much  more 
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creditable  to  the  Government  and  the  Institution  than  it  has  ever  yet 
been.  Such  a  collection  will  tend  to  draw  to  itself  numerous  isolated 
collections,  especially  of  anthropology,  which,  though  thoy  may  be  of 
much  interest  to  the  individuals  possessing  them,  are  of  comparatively 
little  value  in  the  way  of  advancing  a  knowledge  of  the  subject  to 
which  they  pertain,  and,  in  case  of  the  death  of  the  owners,  are  geiier- 
erally  dissipated  and  frequently  lost  to  the  world.  The  only  way  in 
which  they  can  become  of  real  importance  is  by  making  them  part  of  a 
general  collection,  carefully  preserved  in  some  public  institutiou,  where 
they  can  be  studied  and  compared  with  other  specimens,  and  where,  in 
the  course  of  the  increasing  light  of  science,  they  may  be  made  to  . 
reveal  truths  beyond  present  anticipation. 

Herbarium. — An  account  of  the  transfer  of  the  extensive  collection 
of  plants  of  the  Institution  to  the  care  of  the  Department  of  Agricultore 
has  been  given  in  previous  reports,  but  it  is  thought  important  to  place 
on  record  a  more  detailed  history  of  this  collection  than  has  yet  been 
published,  and  I  thei-efore  present  the  following  account  of  it  from  note* 
furnished  by  Dr.  Torrey. 

The  Institution  having  accumulated  a  large  number  of  botanical 
specimens  collected  in  various  parts  of  the  world,  most  of  them  bronght 
home  by  the  Government  exploring  expeditions,  others  presented  by 
authors  of  botanical  works,  travelers  or  special  collectors,  the  offer 
was  made  by  Professor  John  Torrey  to  arrange,  without  compensation, 
all  these  separate  collections  into  one  general  herbarium.    This  offer  was 
gladly  accepted  on  the  part  of  the  Institution,  and  all  the  specimens 
on  hand,  and  all  that  were  subsequently  received  up  to  1869,  were 
transferred  to  him.    When  he  commenced  the .  task,  the  specimens, 
especially  those  collected  by  the  Institution,  were  still  in  bundles  as 
they  were  received,  and  all  required  to  be  poisoned  to  prevent  their 
destruction  by  insects,  which  had  already  commenced  their  ravages. 
The  plan  adopted  by  Dr.  Torrey  for  the  arrangement  of  the  plants  was 
of  the  most  approved  character.  Each  species,  often  represented  by  sev- 
eral specimens,  and  all  the  marked  varieties,  are  fastened  to  a  half  sheet 
of  strong  white  paper  and  labeled.    All  the  species  of  a  genus  are  laid 
on  one  or  more  whole  sheets  of  thicker  tinted  paper,  on  the  lower  left 
hand  corner  of  which  the  generic  name  is  written.    The  genera  are 
arranged  according  to  the  natural  system,  following  for  the  most  part 
the  order  of  De  Candolle.    A  very  large  proportion  of  the  specimens 
are  authentically  named  by  the  authors  who  have  described  them ;  ^d 
as  they  are  the  type-specimens  or  originals  of  several  important  works 
are  invaluable  for  reference.     Some  of  the  more  valuable  portions 
of  the  Smithsonian  herbarium  are  the  following : 

1.  The  plants  collected  by  the  exploring  expedition  under  the  command 
<^f  Admiral  Wilkes,  during  the  years  1838  to  1842.  Many  countries  were 
visited  in  this  voyage  round  the  world,  and  an  extensive  berbariom 
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brought  home.    The  botanists  of  the  expedition  were  Mr.  WiHiam  Eich, 
Dr.  Charles  Pickering,  and  Mr.  W.  I.  D.  Brackeuridge.    To  the  last- 
named  gentleman  was  assigned  the  description  of  the  ferns,  his  report 
on  which  wa^  printed  by  order  of  Congress  in  a  handsome  quarto  volume, 
with  a  folio  atlas,  containing  beautifully  engraved  figures  of  the  new  or 
little-known  species.    After  a  very  few  copies  of  this  work  were  dis- 
tributed, the  remainder  of  the  edition  was  destroyed  by  fire  while  in  the 
liands  of  the  binder.    The  copper-plates,  however,  are  still  in  the  custody^ 
of  the  Library  Committee  of  Congress,  and  it  would  cost  but  little  to 
print  a  new  edition  of  a  work  so  much  desired  by  a  large  number  of 
botanists.    The  flowering  plants,  with  the  exception  of  those  collected 
in  California  and  Oregon,  were  referred  to  Dr.  Torrey ;   others  were 
partially  studied  by  Mr.  Eich,  and  then  committed  to  Professor  Asa 
Gray  for  a  more  thorough  investigation.    Of  this  portion  of  the  collec- 
tion only  one  quarto  volume  of  text,  and  a  large  folio  volume  of  illustra- 
tions, have  thus  far  been  published  by  Congress.   For  a  numl>er  of  years 
the  publication  of  the  works  relating  to  the  exploring  expedition  was  in 
charge  of  the  Joint  Library  Committee  of  Congress  and  Admiral  Wilkes, 
but  it  was  impossible  to  procure  approi)riations  to  defray  the  large 
expense  of  the  undertaking.    At  length  all  the  materials  were  trans- 
ferred to  the  Smithsonian  Institution,  provided  it  would  publish  for 
distribution  an  edition  of  the  whole.    The  limited  income  of  the  Smith- 
sonian fund  did  not  permit  the  Institution  to  embark  in  so  formidable 
an  undertaking,  and  plates,  manuscripts,  and  printed  matter  are  still  in 
possession  of  the  Committee  on  the  Library  of  Congress. 

Professor  Gray  is  ready  to  go  on  with  his  work  as  soon  as  provision 
is  made  for  its  publication.  Dr.  Torrey's  report  has  been  long  since 
completed,  and  the  illustrations  drawn,  engraved,  and  even  printed. 
At  this  late  day,  however,  the  report  would  require  revision;  indeed,  so 
many  new  and  rare  species  described  in  it  have  since  been  found  and 
described  by  other  botanists,  that  it  ma^'  be  snflflcient  to  publish  a  very 
brief  report,  accomi)anied  by  the  plates  alluded  to  above.  The  Mosses 
were  described  and  beautifully  illustrated  by  W.  S.  Sullivant,  esq.,  of 
Columbus,  Ohio.  The  text  in  quarto  of  his  valuable  report  is  also 
printed,  but  not  published.  He  has,  however,  at  his  own  expense, 
piinted  for  private  distribution  a  beautiful  edition  of  it  in  folio.  The  Algce 
were  committed  to  Professor  J.  W.  Bailey,  of  West  Point,  and  Professor 
W.  n.  Harvey,  of  Trinity  College,  Dublin,  whose  report  on  these  plants, 
with  elaborate  illustrations,  is  printed,  and  has  been,  for  ye:irs,  stored 
away  in  sheets  awaiting  to  be  bound  up  and  published  with  Dr.  Torrey's 
report.  The  same  may  be  said  of  Professor  Tuckerman's  account  of  the 
lAcJiens^  and  of  the  reports  by  Rev.  M.  A.  Curtis,  of  North  Carolina,  and 
Rev.  Dr.  Berkely,  of  England,  on  the  Fungi. 

2.  Tlie  next  most  extensive  and  valuable  portion  of  the  herbarium  is 
the  collection  of  plants  made  during  the  North  Pacific  exploring  expedi- 
tion, under  command  of  Commanders  Ringgold  and  Rodgers,  from  1853 
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to  185G,  by  Mr.  Charles  Wright,  uii  accomplished  botanist,  who  accom- 
panied the  Mexican  Iwundary  commissioners  in  their  surveys,  and  who 
has  also  made  extensive  botanical  explorations  in  Cuba.  There  has 
been  no  full  report  of  the  collections  made  on  the  North  Pacific  eximli 
tion,  though  many  of  the  new  species  have  been  published  by  Dr.  Gray. 

3.  The  naturalists  who  accompanied  most  of  the  surveying  parties 
which  made  explorations  for  the  route  of  a  Pacific  liailroad  collected 
large  numbers  of  plants,  many  of  which  were  new  to  the  botanist,  and 
have  been  described  in  the  published  reports  of  these  explorations. 

4.  Collections  made  in  the  Mexican  boundary  survey  by  Dr.  C.  C. 
Parry,  Dr.  J.  M.  Bigelow,  Mr.  C.  Wright,  Professor  George  Thorber, 
and  ^Iv.  Arthur  Schott,  are  among  the  most  extensive  and  valuable 
l^ortions  of  the  herbarium.  A  full  account  of  them,  by  Drs.  Gray,  Engel- 
mann,  and  Torrey,  is  contained  in  General  Emory's  report.  The  Cac- 
tacefe,  and  one  or  two  smaller  orders,  were  described  by  Dr.  Engelmaun; 
the  Compositte,  Scrophulariaceaj,  and  one  or  two  other  orders,  by  Dr. 
Gray ;  and  the  ferns,  with  their  allies,  by  Professor  D.  C.  Eaton.  The 
remaining  Cryptogamia  are  not  included  in  the  report,  but  most  of  the 
new  or  rare  ones  have  been  published  elsewhere.  The  grasses  were  to  be 
described  in  a  separate  memoir  by  Professor  Thurber. 

5.  Large  additions  have  been  made,  to  the  North  American  portion  of 
the  herbarium,  chiefly  from  within  the  limits  of  the  United  States  aud 
Territories,  by  contributions  from  the  following  places:    New  England, 
by  Mr.  Oakes,  Dr.  Gray,  Professor  Tuckerman,  S.  T.  Olney,  esq.,  Pro- 
fessor D.  C.  Eaton,  and  others ;  New  Jersey,  by  Mr.  C.  F.  Austin,  Pro- 
fessor Eaton,  Dr.  Torrey,  and  Dr.  Knieskern  ;  New  York,  Messrs.  Austin, 
Lelloy,  Clinton,  Torrey,  and  many  others;   Pennsylvania,  by  Dr.  Dar 
lington,  and  Professor  Thos.  C.  Porter;   North  Carolina,  by  liev.  Dr. 
Curtis;    Florida,  by  Dr.  Chapman,  (type-specimens  of  his  flora  of  the 
Southern  States;)  Alabama, by  Professor  Winchell;  Kentucky,  Dr.Short, 
and  Mr.  Sullivant;   Texas  and  New  Mexico,  Messrs.  Fendler,  Erveud- 
berg,  and  others,  besides  what  the  botanists  collected  in  the  ^lexican 
boundary   survey ;    Eocky  Mountains,  Dr.  Parry,  Captiiin  Macomb, 
and  Dr.  Newberry;    Oregon,  Mr.  Geo.  Gibbs,  and  others;  Nebraska, 
Dr.  Hayden;    Nevada,  Mr.  Stretch;    California,  Dr.  11.  M.  Bolander, 
General  Fremont,  Miss  Davies,  Th.  Bridges,  Mr.E.  Samuels,  Dr.  Torrey, 
and  many  others ;  Colorado,  Dr.  Anderson,  Fremont,  and  others.  Besides 
these  principal  sources  of  United  States  plants,  very  many  s])ecimeus 
have  been  received  from  other  places  and  persons,  which  we  have  not 
space  to  enumerate.    From  British  America,  especially  the  sub-ai'ctic 
portions.  Dr.  Kennicott,  and  officers  of  the  Hudson's  Bay  Company  have 
furnished  specimens.    Of  foreign  plants,  besides  those  collected  in  the  two 
United  States  exploring  expeditions  already  noticed,  the  herbiirium  con- 
tains valuable  and  large  contributions  from  Japan,  Mantchuria,  China, 
etc.,  from  Professors  Keigel  and  Maximovitch,  of  the  Imperial  Academy 
of  Science  of  St.  Petersburg,  and  the  Imperial  Botanic  Garden :     A 
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large  collection  of  Sandwich  Island  plants,  (all  type-specimens,)  made  by 
Mr.  Hora^^e  Mann,  lately  deceased :  A  collection  of  plants  from  Mirador, 
Mexico,  by  Dr.  Sartorius:  Many  specimens,  with  fleshy  fruits  iur  alco- 
hol, collected  on  the  Panama  Railroad,  by  the  late  Dr.  Sutton  llayes; 
others  from  the  same  region  by  Fendler,  in  1850  :  Plants  from  Jamaica, 
espexjially  ferns  from  Mr.  Wilson ;  from  Cuba,  collected  by  Mr.  Chas. 
Wright;  Venezuela,  many  beautifully  dried  ferns  by  Fendler;  from 
Texas  and  Northern  Mexico,  by  Berlandier ;  Lower  California,  by  Mr. 
Xantus;  Brazil  and  Paraguay,  by  unknown  collector.  From  Europe, 
there  is  an  extensive  collection  of  Hungarian  plants  from  Mr.  Arthur 
Schott,  and  of  Illyrian  plants  from  Professor  Thomasini,  besides  many 
smaller  collections  from  various  parts  of  the  continent.  Dr.  Torrey  has 
contributed  a  large  number  of  specimens  from  his  own  herbarium. 

As  to  the  disposition  made  of  the  duplicates  of  the  collections,  they 
have  been  sent  in  the  name  of  the  Smithsonian  Institution  to  learned 
societies,  botanic  gardens,  and  individuals,  whenever  they  could  be  dis- 
j>osed  of  for  the  advance  of  science.  Full  sets  of  duplicates  were  pre- 
sented to  the  Royal  Garden  at  Kew,  near  London,  the  botanic  gardens 
of  Paris  and  St.  Petersburg,  besides  smaller  portions  to  individuals, 
lyceums  of  natural  history,  and  colleges. 

This  collection  of  plants  has  been  transferred  to  the  Agricultural  De- 
partment, on  the  conditions  set  forth  in  the  following  documents,  of 
which  the  originals  are  in  the  archives  of  the  Institution  and  of  the 
Agricultural  Department : 

Washington,  D.  C,  January  1, 1868. 

In  order  to  the  harmonious  co-operation  of  the  Smithsonian  Institu- 
tion and  the  Department  of  Agriculture  in  their  respective  provinces  of 
advancing  science,  they  enter  into  the  following  agreement  relative  to 
the  disposition  of  specimens: 

First.  All  the  botanical  specimens  in  possession  of  the  Smithsonian 
Institution,  about  twenty  thousand,  and  all  that  may  hereafter  be  col- 
lected by  it,  shall  be  transferred  to  the  Agricultural  Department  on  the 
following  terms : 

1.  That  a  competent  botanist,  approved  by  the  Institution,  shall  be 
appointed  to  have  charge  of  the  collection. 

2.  That  the  collection  shall,  at  all  times,  be  accessible  to  the  public 
for  educational  purposes,  and  to  the  Institution  for  scientific  investiga- 
tion, or  for  supplying  any  information  in  regard  to  plants  that  its  cor- 
respondents may  ask  for. 

3.  TImt  due  credit  be  given  to  the  Institution  in  the  report  of  the 
Agricultural  Department  for  the  original  deposit,  and  for  such  addi- 
tions as  may  be  made  to  it,  from  time  to  time,  by  the  Institution. 

Second.  That  the  Agricultural  Department  shall  transferto  the  Smith- 
sonian Institution  any  specimens  it  may  now  have,  or  may  hereafter  ob- 
tain, that  are  not  necessary  to  illustrate  agricultural  economy  \  such,  asi 
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those  of  ethnology  and  of  various  branches  of  natural  history.    Similar 
credit  to  be  given  in  this  case  as  is  required  in  the  former. 

Horace  Capron, 
Commissioner  of  Agriculture, 
Joseph  Henry, 
Secretary  of  the  SmitJisonian  InstituUon, 

The  following  is  an  account  of  the  more  imi>ortant  additions  which 
have  been  made  to  the  collection  in  the  Agricultural  Department  by  the 
Institution  since  the  transfer  of  the  general  herbarium  in  18G8: 

1.  A  set  of  European  plants,  numbering  about  four  hundred  specif 
presented  by  Professor  Paul  Reintz,  of  Germany,  in  exchange,  at  his 
request,  for  specimens  of  American  plants. 

2.  A  second  very  extensive  collection  of  plants  from  the  Imi)erial 
Academy  of  St.  Petersburg,  in  return  for  donations  from  the  Institution. 
This  present,  like  all  of  those  we  have  received  from  the  Imperial  Academy, 
is  of  a  most  valuable  character.  It  consists  of  eleven  hundred  species 
from  Eussia,  Siberia,  Western  Europe,  and  Japan. 

3.  Another  large  collection  is  from  the  widow  of  the  late  Mr.  James 
McMiun,  Williamsport,  Pennsylvania,  principally  of  plants  from  the 
mountainous  regions  of  Pennsylvania,  but  also  comprising  specimens 
from  other  parts  of  this  country  and  diflferent  localities  in  Europe.    Mr. 
McMinn  was  a  civil  engineer,  and  in  the  practice  of  his  proiessiou  ia 
surveying  lines  for  railways  and  canals  became  interested  in  the  variety 
of  plants  which  were  presented  to  his  notice,  and  as  a  means  of  recre- 
ation, as  well  as  of  intellectual  improvement,  commenced  the  study  of 
botany.    It  would  appear  from  the  examination  of  his  herbarium,  that  be 
had  entered  into  extensive  corres[>ondence  with  some  of  the  princiiwl 
botanists  of  this  country  and  Europe,  and  had  enriched  his  collection 
by  exchanges.    His  herbarium  contained  about  live  thousand  species, 
among  which  is  an  interesting  series  of  plants  from  the  Alps.    The  si)eeial 
thanks  of  the  Institution  are  duo  to  Mrs.  McMinn  for  tbe  judicious  dis- 
position she  has  made  of  the  results  of  the  labors  of  her  lamenteil  hus- 
band, which  we  tru^t  will  be  preserved  among  the  collections  of  the 
Government,  as  a  permanent  memorial  of  his  devotion  to  science  and 
of  her  enlightened  liberality. 

Besides  the  foregoing  there  have  been  added  several  hundred  bottles 
of  samples  of  agricultural  materials  and  products,  numeix)us  specimens 
of  seeds,  roots,  fibers,  fungi,  sections  of  wood,  &c. 

Work  done  in  connection  with  the  collections. — Professor  Baird,  during 
the  past  year,  in  addition  to  his  services  in  regard  to  the  exchanges, 
natural  history,  and  assistance  in  correspondence,  has  comi)leted  the 
systematic  description  of  the  land  birds  of  the  Pacific  Strifes,  forming 
the  first  volume  of  ornithology  published,  in  connection  with  its  .geo- 
logical survey,  by  the  State  of  California.    The  materials  for  this  work 
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were  from  the  manuscript  notes  of  Dr.  J.  G.  Cooper,  of  San  Francisco, 
while  the  descriptions  are  principally  from  specimens  in  the  Smithsonian 
collections.  This  volume,  in  regard  to  its  typography,  illustrations,  and 
the  character  of  its  contents,  does  honor  to  the  liberality  of  the  State  at 
whose  expense  it  was  published,  as  well  as  to  the  science  of  the  country; 
Professor  Baird  has  also  continued  his  labors  with  Dr.  Brewer,  of  Bos- 
ton, on  a  work  relative  to  the  general  ornithology  of  !N^orth  America;  in 
this  he  has  been  assisted  by  Mr.  Robert  Ridgeway,  the  zoologist 
of  the  exiiloration  of  the  fortieth  parallel  under  Clarence  King.  To  the 
latter,  free  access  has  also  been  given,  in  the  preparation  of  his  report 
on  the  birds  of  Mr.  King's  survey,  to  all  the  ornithological  spe<3imens  in 
the  Smithsonian  collections. 

Mr.  Meek,  the  palaeontologist,  has  made  a  preliminary  report  on  the 
fossils  collected  by  Dr.  Hayden  in  his  survey  of  Wyoming  and  contig- 
uous Territories,  and  prepared  lists  of  the  same,  with  descriptions  of 
Ihe  new  species.  He  has  described  and  prepared  drawings  of  a  collec- 
tion of  cretaceous  fossils,  sent  by  Professor  Mudge  to  the  Institution, 
from  Kansas.  He  has  made,  besides  several  prelimiuarj'  examinations, 
a  final  rei>ort  on  the  fossils  collected  by  Mr.  King  in  the  survey  of  the 
fortieth  parallel,  with  full  descriptions  and  illustrations  of  all  the  new 
si)ecies.  He  has  also  investigated  the  invertebrate  fossils  collected  by 
the  geological  survey  of  Ohio,  and  prepared  descriptions  of  the  new 
species  for  publication ;  made  a  preliminary  report,  with  descrip- 
tions of  some  new  species,  on  a  collection  of  carboniferous  fossils  sent 
by  Professor  Stevenson  from  West  Virginia ;  continued  his  work  on  the 
illustrations  of  the  monograph  of  the  palaeontology  of  the  Upi)er 
Missouri.  He  has  also  identified  collections  of  fossils,  received  from 
time  to  time  at  the  Smithsonian  Institution  from  collectors  in  various 
parts  of  the  country. 

Mr.  Dall  has  been  engaged  in  collating  the  extensive  collection  of 
manuscript  notes  of  the  Hudson's  Bay  and  other  Arctic  American  col- 
laborators with  whom  the  institution  has  been  in  correspondence  for 
more  than  fifteen  yejirs.  The  part  of  these  notes  which  he  has  finished 
relates  to  ornithology,  and  comprises  many  thousand  items  descriptive 
of  the  habits,  distribution,  and  numbers  of  the  birds  of  the  regions 
;tbove  referred  to.  These  will  be  used  by  Professor  Baird  and  Dr.  Brewer 
in  their  work  on  the  birds  of  North  America.  The  manuscripts  also  con- 
tain notes  relative  to  the  mammals  and  other  animals,  as  well  as  to  the 
ethnology  of  the  same  regions.  When  all  these  are  collated  an^l  pub- 
lished they  will  fonn  an  interesting  contribution  to  existing  knowledge  of 
the  natural  productions  and  ethnology  of  the  North  American  continent. 

Mr.  Dall  has  also  devoted  considerable  time  to  original  investigations 
relative  to  the  minute  anatomy  of  the  mollusca  from  specimens  in  the 
collections  of  the  Institution.  His  principal  labor,  however,  has  been  in 
the  rearrangement  of  the  very  large  series  of  shells  from  the  west  coast 
of  America  and  of  the  North  Pacific,  including  many  types  of  the  new 
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species  of  Gould,  Carpenter,  Cooper,  Steams,  Pease,  H.  and  A.  Adams, 
&c.  These  have  mostly  passed  through  the  hands  of  Dr.  P.  P.  Car- 
penter, of  Montreal,  but  still  required  to  be  placed  in  suitable  trays, 
and  provided  with  new  labels  and  specially  arranged  for  cabinet  pur- 
poses. He  has  also  had  charge  throughout  most  of  the  year  of  the 
record  of  additions  to  the  museum,  and  the  labeling  of  collections,  esiie- 
cially  those  of  ethnology  and  osteology. 

Meteorology. — The  system  of  meteorology  of  the  Institution  has  been 
kept  up  as  usual  during  the  past  year.  The  number  of  observers  report- 
ing to  the  Institution  during  this  period  is  515,  and  to  the  Medical 
Department  of  the  United  States  Army,  to  the  records  of  which  we  have 
free  access,  140.  The  value  of  these  observations  increases  with  the 
number  of  observers  and  the  time  for  which  the  several  series  are  con- 
tinued. But  observations,  however  long-continued  and  extensive,  are 
comparatively  of  little  value  unless  they  are  reduced  and  discussed ;  and 
these  operations  can  only  be  performed  at  the  expense  of  great  labor, 
since  thousands  of  figures  have  to  be  tabulated  and  subjected  to  varioos 
arithmetical  processes  in  order  to  deduce  the  general  results  which  con- 
stitute approximate  scientific  principles.  As  we  have  stated  in  previous 
reports,  the  discussion  of  the  rain  and  temperature  has  been  for  some 
years  in  charge  of  Mr.  Charles  A.  Schott.  The  results  in  regard  to  the 
rain  have  been  printed,  and  will  form  a  part  of  the  Smithsonian  (Con- 
tributions for  the  year  1871.  A  general  account  of  these  results  was 
given  in  the  last  report,  but  in  this  it  may  be  further  stated  that  the 
principal  deductions  are  made  from  an  original  series  of  tables  giving  the 
monthly  rain-fall  from  the  earliest  periods  from  all  sources  in  the  United 
States  and  adjacent  countries  down  to  1867.  From  theSe  general  tables 
a  series  of  consolidated  tables  of  means  for  seasons  and  years,  for  the 
whole  time,  is  deduced.  It  was  thought  advisable,  on  account  of  the 
great  expense,  to  i)ublish  for  the  present  the  consolidated  tables,  au^ 
to  retain  the  others  for  reference  or  to  answer  special  inquiries  i^ 
regard  to  the  rain-fall  of  particular  stations.  The  foi'mer  have  been  kep"*^ 
np  to  date,  all  the  new  materials  having  been  incorporated ;  and  to  extend 
the  system  a  large  number  of  rain-gauges  have  been  distributed  to  di^ 
ferent  parts  of  the  (jountry,  and  especially  to  the  western  States. 

The  temperature  records  are  still  under  investigation  by  Mr.  Schott-^ 
The  w^ork  was  in  part  temporarily  suspended  during  his  absence  in^ 
Euro[^  as  a  member  of  the  expedition  for  observing  the  total  eclipse  of^ 
last  December.    The  following  is  a  statement  of  the  present  condition 
of  the  discussion. 

The  collection  of  material  has  for  the  most  part  been  completed  down 
to  the  present  time,  and  tables  of  hourly,  bi-hourly,  and  semi-hourly 
observations  of  temperature  have  been  prepared.  From  these  have 
been  deduced  tables  to  be  used  for  the  correction  of  daily  variations  of 
temperature.     The  daily  fluctuation  of  the  atmospheric  temi>erature 
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tias  been  discussed,  and  tables  giving  the  times  of  sunrise  and  sunset 
for  stations  between  latitudes  23°  and  00°,  to  be  used  for  corrections  of 
iaily  variation,  have  been  computed.  The  annual  fluctuations  of  tem- 
perature have  been  in  part  discussed,  and  the  tables  of  maxima  and 
niuima  are  in  an  advanced  state  toward  completion. 

All  the  observations  relative  to  the  winds,  made  under  the  direction 
3f  the  Institution,  and  under  the  Medical  Department  of  the  Army,  and 
:ill  those  which  have  been  collected  from  other  sources,  have  been 
placed  in  charge  of  Professor  J.  If.  Coffin,  of  Lafayette  College,  for 
reduction  and  discussion.  It  was  first  intended  to  limit  the  investiga- 
tion to  the  winds  of  North  America,  but  it  has  since  been  considered 
advisable  to  incorporate  the  whole  in  a  memoir  on  the  general  direction 
of  the  winds  of  the  globe.  To  defray  the  cost  of  the  extra  labor,  other 
than  that  of  Professor  Coffin,  in  this  investigation,  an  appropriation  has 
been  made  from  the  income  of  the  Institution.  During  the  year,  Pro- 
fessor Coffin  has  been  pressing  on  this  work,  with  a  number  of  assistants, 
as  rapidly  as  the  means  at  his  command  and  his  time  would  allow. 

The  Smithsonian  meteorological  system  was  commenced  in  1849,  and 
has  continued  in  operation  until  the  present  time.    Its  efforts  have  been 
directed  in  the  line  of  supplementing  and  harmonizing  other  systems, 
of  a  more  limited  character,  with  that  of  the  more  general  one  of  the 
Armj-  of  the  United  States,  and  in  some  measure  with  the  system  estab- 
lished in  Canada.    It  has  done  good  service  to  the  cause  of  meteorology, 
1,  in  inaugurating  the  system  which  has  been  in  operation  upward  of 
twenty  years;   2,  in  the  introduction  of  improved  instruments  after 
discussion  and  experiments ;  3,  in  preparing  and  publishing  at  its  ex- 
pense an  extensive  series  of  meteorological  tables ;  4,  in  reducing  and 
discussing  the  meteorological  material  which  could  be  obtained  from 
all  the  records  from  the  first  settlement  of  tlie  country  till  within  a  few 
years ;  5,  in  being  the  first  to  show  the  practicability  of  telegraphic 
weather  signals ;  6,  in  publishing  records  and  discussions  made  at  its 
owu  expense,  of  the  Arctic  expeditions  of  Kane,  Hayes,  and  McClin- 
tock ;  7,  in  discussing  and  publishing  a  number  of  series  of  specijil 
records  embracing  periods  of  from  twenty  to  fifty  years  in  different  sec- 
tions of  the  United  States,  of  great  interest  in  determining  secular 
changes  of  the  climate;  8,  in  the  publication  of  a  series  of  memoirs  on 
various  meteorological  phenomena,  embracing  observations  and  discus- 
sions of  storms,  tornadoes,  meteors,  auroras,  &c. ;  0,  in  a  diff"usion  of  a 
knowledge   of  meteorology  through   its  extensive  unpublished  corre- 
spondence and  its  printed  circulars.    It  has  done  all  in  this  line  which 
its  limited  means  would  permit,  and  has  urged  upon  Congress  the  estab- 
lishment, with  adequate  appropriation  of  funds,  of  a  meteorological 
department  under  one  comprehensive  plan,  in  which  the  records  should 
he  sent  to  a  central  depot  for  reduction,  discussion,  and  fiual  publica- 
tion. 

An  important  step  has  been  made  toward  this  desirable  object  in  the 
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establishment,  during  the  last  year,  by  Congress,  of  a  system  of  practical 
weather  reports  under  the  direction  of  the  War  Department,  with  ample 
means  for  the  purchase  standard  instruments,  the  pay  of  assistants,  and 
telegraphic  dispatches.  The  results  of  this  sj^stem  in  the  way  of  pre- 
diction have  been  eminently  successful,  and  have  everywhere  met  with 
popular  favor.  The  organization  and  administration  of  the  system  by 
General  Myer,  the  director,  has  evinced  great  executive  ability,  and 
his  wisdom  has  been  shown  in  selecting  Professor  Abbe  as  his  scientific 
assistant.  It  should  be  recollected,  however,  that  the  principles  em- 
ployed in  foretelling  the  weather  are  practical  results  previously  aiTived 
at  by  the  investigations  of  men  of  abstract  science  founded  on  simulta- 
neous records  without  the  aid  of  telegraphic  communication.  For  the 
discovery  of  the  general  laws  of  meteorological  phenomena,  simultaneous 
observations  should  be  made  over  large  portions  of  the  earth,  and  the 
records  of  these  collected  at  stated  periods,  say  at  the  end  of  every 
month,  at  some  central  office,  and  submitted  first  to  preliminary  reduc- 
tion, and  finally  to  the  critical  study  of  men  like  Espy,  Redfield,  and 
others,  fitted  by  education,  experience,  and  mentid  peculiarities  to 
deduce  from  them  the  required  generalizations.  I  would  therefore  sug- 
gest that  a  still  larger  appropriation  be  made  by  Congress  to  the  War 
Department  for  establishing,  besides  the  reports  for  weather  signals,  a 
series  of  intermediate  stations,  also  furnished  with  compared  instru- 
ments, to  record  daily  observations  to  be  transmitted  to  Washinp^ton 
weekly  or  monthly,  and  also  that  provision  be  made  for  the  support  of 
a  number  of  competent  persons  to  carry  on  the  reductions  and  prepare 
the  results  for  publication. 

It  has  been  the  i)olicy  of  this  Institution  from  the  first  to  do  nothing 
which  can  be  done  as  well  or  better  by  other  means,  and  in  accordance 
with  this  policy  the  Institution  would  willingly  relinquish  the  field  of 
meteorology,  which  it  has  so  long  endeavored,  though  imperfectly,  to 
cultivate,  turning  over  to  the  Signal  Office  all  the  material  which  it  h^ 
accumulated  up  to  a  given  epoch.     We  would  advise  also  a  simili^^ 
course  to  be  pursued  on  the  part  of  the  Medical  Department  of  tU^^ 
Army.    All  the  deductions  from  the  combined  materials  which  hav^ 
been  collected  up  to  the  present  time  should  be  obtained  and  publishec^ 
although  since,  they  may  be  in  many  respects  defective,  they  contai;^ 
the  essential  element  of  long  periods  of  meteorological  changes  an^ 
a  new  era  commence  with  more  precise  instruments  and   improvec:^ 
methods  of  observation.     From  such  a  system,  however  perfect  it  majsS 
be,  immediate  results  are  not  to  be  expected.    New  and  important  de-^ 
ductions  can  scarcely  be  obtained  until  after  a  continuance  of  the  sys-  - 
tern  for  several  years,  as,  for  example,  the  accurate  determination  of^ 
the  periodicity  which  probably  exists  in  regard  to  the  droughts. of  th^ 
western  coast. 
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Before  closing  this  report  it  is  proper  that  I  should  refer  to  a  resolu- 
OQ  adopted  by  yoar  honorable  board  at  its  last  session,  granting  me 
iave  of  absence  to  visit  Europe  to  confer  with  savans  and  societies 
ilative  to  the  Institution,  and  making  provision  for  the  payment  of  my 
spenses.  The  presentation  of  this  proposition  was  entirely  without 
ly  knowledge,  but  I  need  scarcely  say  that  its  unanimous  adoption  was 
ighly  gratifying  to  my  feelings,  and  that  I  availed  myself  of  the  privi- 
?ge  it  offered  with  a  grateful  appreciation  of  the  kindness  intended. 

I  sailed  from  New  York  on  the  1st  of  June,  returning,  after  an  absence 
f  four  and  a  half  months,  much  improved  in  health  and  with  impres- 
ioDs,  as  to  science  and  education  in  the  Old  World,  which  may  be  of 
alue  in  directing  the  affairs  of  the  Institution.  Although  limited  as  to 
ime,  and  my  plans  interfered  with  somewhat  by  the  war,  I  visited 
England,  Ireland,  Scotland,  Belgium,  parts  of  Germany  and  France. 
Jut  deferring,  for  the  present,  an  account  of  my  travels  and  the  observa- 
ions  connected  with  them,  I  will  merely'  state  that,  as  your  representa- 
ive,  I  was  everywhere  kindly  received,  and  highly  gratified  with  the 
^mmendations  bestowed  on  the  character  and  operations  of  the 
nstitution  intrusted  to  your  care. 

Respectfully  submitted. 

JOSEPH  HENRY. 

January,  1871. 
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Table  showing  the  entries  in  the  record-hooks  of'  the  Smithsonian  Jfttteum 

in  1869  and  1870. 


Class. 


Skeletons  and  sknlls... 

Mammals 

Birds 

Reptiles 

Fishes 

Eggs  of  birds 

Crustaceans 

MoUusks 

Radiates 

Annelids 

Fossils 

Minerals , 

Ethnological  specimens. 
Plants 


1869. 

1 

1     1^0. 

1 

9,708 

ii,:)ii 

9.  .516 

'         9,77.; 

58,976 

6i,i::0 

7,517 

7.rvQ 

7,  e.S5 

7,e97 

15, 500 

15,671 

l.iW7 

1,^ 

21,770 

22,315 

2, 725 

2,730 

100 

1«» 

7,283 

7,a^» 

6,977 

7,154 

9,2a3 

10,  (XW 

175 

175 

158,652 

164,709 

Total 158,652 

Total  entries  during  the  year 6,057 

Of  the  above  enumeration,  4,154  specimens  of  the  birds  and  SOOof  tbe 
mammals  are  mounted  and  on  exhibition  in  the  hall. 


Approximate  table  of  distribution  of  duplicate  specimens  to  the  end  o/1870. 


Class. 


Skeletons  and  skulls. 

Mammals 

Birds 

Reptiles 

Fishes 

Eggs  of  birds 

Shells 

Radiates 

Crustaceans 

Marine  invertebrates 

Plants  and  packages 
of  seeds 

Fossils 

Minerals  and  rocks.. 

Ethnological  speci- 
mens   

Insects 

Diatomaceous  earths 

Total 


Distribution  to  the 
end  of  1869. 


Species. 


154 

12, 951 
1,701 
2,434 
4,381 

78, 391 

551 

1,023 

1,838 

13,a58 
3,958 

2,880 

1,107 

1,532 

26 


127, 470 


Specimens. 


593 

1,706 

18,996 

2,a% 

5,210 

11,711 

177, 927 

727 

2,526 

5,152 

19, 218 
9,984 

7,774 

1,154 

2,846 

566 


268,920 


Distribntion  in 
1870. 


Total. 


Species. 


Specimens.   Species. 


60 

31 

2,200 

40 

1 

2,074 

3,087 

32 

55 


1,845 
"756' 

100 
2 


10, 313 


78 

76 

3,564 

40 

1 

4,683 

5,230 

51 

124 


1,845 

"m 

315 

100 

2 


SpecimeJJ^ 


16,630 


214 

916 

34,951 

1,741 

2, 435 

6,455 

81, 178 

583 

1,078 

1,838 

J5,  .503 
3,958 
3,630 

1,143 
1,632 

28 


127,783 


22,5:^ 

2,87^^ 

5,21     i 

16,39--;;::: 

183, 15^ 

77fe^ 

2,65(^ 

5,l.=i2^ 

21,063 
9,984 

8,574 

1,190 
2,946 

568 


285,520 
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ADDITIONS  TO  THE  COLLECTIONS  OF  THE  SMITHSONIAN 

INSTITUTION  IN  1870. 

Adams^  F.  C, — Limestone  rock,  Virginia. 

Agricultural  Department  United  States^  Hon,  Horace  Capron^  Commvi- 
^ioner. — Skin  of  monkey  and  parrot,  South  America ;  reptiles  in  alcoliol, 
from  Colorado,  California,  and  the  East  Indies ;  dry  fish  and  Crustacea 
froiil  China  and  New  York  Harbor.    (See  elsewhere  under  other  entries.) 

AikeHj  E.  C. — Skins  of  Leucosticte  tephrocotiSy  Rocky  Mountains. 

Albuquerque,  Bon  Frederico. — Barrel  of  fish  in  alcohol,  from  Brazilian 
rivers. 

Alden^  Dr.  C,  H.,  United  States  Army,  through  the  Army  Medical  Mu- 
fseum. — Petrified  wood,  fossils  and  minerals,  from  Colorado  Territory. 

Anderson,  General,  through  J.  M.  Thompson. — Fresh  heads,  hoofs  and 
skins  of  the  American  bison,  Kansas. 

Army  Medical  Museum,  United  States;  Dr.  George  A.  Otis,  United 
States  Army,  iii  cliarge. — Stone  implements  from  Colorado  Territory; 
fossil  teeth  of  mastodon,  &c.,  Alabama.  (See  also  under  the  names  of 
the  medical  officers  United  States  Army.) 

Baird,  Professor  S.  F. — Carvings  of  northeastern  Eskimo ;  arrow- 
heads, relics  froin  ancient  shell-heaps  on  the  coast  of  Massachusetts ; 
fish  and  turtles  in  alcohol,  fin  of  thresher  shark,  jaws  and  skeletons 
of  fish,  from  Wood's  Hole,  Massachusetts. 

Bannister,  H.  M. — Arrow-heads,  &c.,  Illinois. 

Baurmeister,  Rev.  W. — Minerals,  Indiana. 

Balhaeh,  A. — Foetal  mice  in  alcohol.  New  Jersey. 

Baldwin,  Charles  8. — ^^Vrch geological  specimens,  Tennessee. 

Barker,  T.  S. — Shell  adze  and  arrow-heads,  Florida. 

Bentley,  Dr.  E.,  Assistant  Surgeon  United  States  Army,  through  Army 
Medical  Museum. — Stone  implements,  San  Francisco  Bay,  California. 

Berendt,  Dr. — Turtles,  fossil  fish  and  plants,  from  Mexico. 

Berthoud,  Captain  E.  L. — Fiint-flakes  and  scrapers,  Colorado  Territory. 

Bishop,  N.  H. — Cuban  mocking-birds  in  alcohol. 

Blackmore,  William. — Model  of  Stonehenge  and  flint  implements. 
Great  Britain. 

Boardman,  George  A. — Bird  skins,  nests,  and  eggs,  from  Maine  and 
Florida;  models  of  great  auk  egg,  skulls  of  buffalo  and  gnu.  South 
Africa. 

Bolander,  Dr.  H. — Californian  seeds. 

Boucard,  A. — Bird  skins  from  Mexico. 

Botcman,  J.  B. — Collection  of  birds,  and  one  mammal,  from  Aus- 
tralia. 

Brevoort,  J.  Carson. — Bones  of  the  dodo,  from  Mauritius. 

Broicn,  Solomon  O. — Arrow-heads,  District  of  Columbia. 

Bryan,  0.  X. — Pottery,  stone  implements,  arrow-heads,  &c.,  Virginia. 

Bryant,  Captain  Cliarles. — Skins  of  the  walrus  and  seal,  from  Alaska. 
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Bunij  J.  P. — Specimens  of  rock  from  the  Bospborus. 

Burr  J  Fearing  — Specimens  from  Massachusetts  shell-heaps. 

Burroughs  J. — Nest  and  skin  of  mourning  warbler,  New  York. 

Cameron,  John. — Mask  from  an  E<?yptian  sarcophagus. 

Central  Park  Commissioners,  New  York. — Cast  of  antique  statue. Costa 
Rica. 

Chase,  Thomas, — Stone  mortar  and  i^estle,  Virginia. 

CoJ^nan,  N, — Insects  from  Ohio.  • 

Collins,  H. — Specimens  from  shell  heaps,  Louisiana. 

Condon,  Her,  Thomas, — Fossils  from  Columbia  River. 

Cooper,  Theodore, — Shells  from  the  Galapagos  Islands. 

Coues,  Dr,  Elliott,  United  States  Army, — Bird-skins  from  North 
Carolina. 

Curtis,  Br.  Josiah. — Indian  implements,  pottery,  &c.,  from  Tennessee 
and  Georgia. 

Ball,  Rec.  C.  H.  A, — Skull  and  horns  of  the  buffalo  of  southern  India. 

Ball,  W.  H, — Specimens  of  mollusca  and  shells  from  various  localities. 

Bamon,  R, — Specimens  of  brachiopods  from  the  European  seas. 

Bant,  Thomas  E. — Abnormal  eggs  of  domestic  fowl. 

Bavis,  Henry, — Fossils  from  Iowa. 

Bay,  Robert,  jr. — Stone  implements  from  Ireland. 

Bomeyko,  Professor,  University  of  Chili. — Chilian  minerals. 

Bow,  Captain  J.  M. — Skulls  and  bones  of  tapirs  from  Central  America; 
young  tapir  in  alcohol,  and  other  alcoholic  specimens,  from  Panama. 

Burkee,  H,  R. — Human  remains  and  fossils  from  Wyoming Territorj; 
birds,  eggs,  and  nests,  with  some  osteological  specimens,  from  the  same 
locality. 

Evans,  Abner  0.,  by  the  Hon.  W.  Townsend^ — Stone  implements  firom 
Pennsylvania. 

Finck,  Hugo, — Stone  antiquities  from  Mexico. 

Fitzgerald,  Br.  J.  A.,  United  States  Army,  (by  Dr.  J.  S.  Billings, 
United  States  Army.) — Fossil  teeth  from  Indian  Territory. 

Flilgel,  Br,  Felix, — Alcoholic  specimens,  Europe. 

Foreman,  Br,  E. — Fresh-water  shells.  District  of  Columbia. 

Gardner,  G.  T. — Specimens  from  Maine  shell  heaps. 

Gibbs,  Mr. — Box  seeds,  nuts,  &c.,  Kansas. 

Girard,  Br.  Basil,  United  States  Army,  (through  Army  Medical 
Museum.) — Fossils  from  Wyoming  Territory. 

Gleason,  W.  T. — Glaciated  rock,  Connecticut. 

Glover,  Lieutenant  Russell,  United  States  Revenue  Marine. — Specimens 
of  Acmce  a  testiiiinalis  and  Boltenia  clavata  from  the  coast  of  Maine. 

Graves,  p.  B, — Lignite,  Pennsylvania. 

Graves,  W.  W. — Infusorial  earth  from  Maine. 

Guest,  Follis,  (through  Hon.  W.  Townsend.) — Stone  impleiQents,  Penn- 
sylvania. 

Haxihenburg,  Br. — Scale  of  sturgeon. 
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JIallj  George  E. — Specimens  of  grinding  and  building  stone,  Ohio. 

Sall^  John, — Indian  crania  and  bones,  San  Francisco. 

Haney^  Jesse  H. — Indian  silver  ornament,  Arkansas. 

Hansen^   Walter, — Stone  awl,  Missouii.     Apache  basket  from  ^ew 
Mexico. 

Hartmauy  Dr, — Collection  of  insects,  Pennsylvania. 

Hashing.  Mr. — Horned  toad,  California. 

Hayden^  Br,  F,  V, — Beaver  cuttingvS  from  the  Rocky  Mountains.    (See 
also  United  States  Geological  Survey  of  Territory. 

Heaton.,  L,  7).,  (through    Agricultural  Department.) — Eeptile   from 
Texas. 

Eenriques,  Captain  United  States  Revenue  Marine, — Ethnological  and 
botanical  collections  from  Alaska. 

Himesj  Professor  C.  F, — Bones  from   the  Carlisle  bone-cave,  Penn- 
sylvania. 

HincMey^  J.  R, — Fish  and  fishbones,  Massachusetts  coast. 

Hoover^  H, — Fossils  and  arrow-heads,  Pennsylvania. . 

Hoine^  Walter, — Eggs  of  Cathartes  atratus,  South  Carolina. 

Hoi/^  Dr,  P,  R. — Fish,  &c.,  from  deep  dredgings  off  Racine,  Wisconsin. 

Hutchinson,  Kohl  &  Co, — Seal-skins,  walrus  skull  and  volcanic  sand, 
Alaska. 

tiackson,  Haliday,  (through  Hon.  W.  Townsend.) — Stone  implements, 
Pennsylvania. 

Jackson^  R,  8. — Osteological  and  oological  specimens  from  Louisiana. 

*Johnson\  Eugene, — Indian  redstone  pipe. 

rJohnson^  Lieutenant, — Specimen  of  an  owl,  District  of  Columbia. 

^ones,  Rev,  C,  M, — Nests  of  Ammodromu^  maritimus  and  candacutuSy 
Connecticut. 

Jones,  Jno.  P, — Cranium  of  mound  builder,  Missouri. 

Jones,  Straehan,  Hudson  Bay  Company, — Collection  of  birds  and  eggs^ 
Little  Slave  Lake,  Hudson  Bay  territory. 

Keenan,  T,  J,  R, — Unionidce,  specimens  of  ethnology  and  natural  history 
from  Mississippi.    Two  specimens  of  continental  currency. 

Kellogg,  Dr.  A, — Plants  from  California.       * 

King,  Clarence, — Stone  pestle,  Calilbrnia.    Minerals  and  rocks  from 
Nevada. 

Knapp,  Br.  James. — Collection  of  fossils,  Kentucky. 

Knight,  Jeremiah, — Plate  of  crystallized  quartz  from  Orange  County, 
Kew  York. 

Kohler^  3/r.— Seventy  pound  mass  of  silicate  of  zinc,  Union  Lead 
^orks,  Virginia. 

Lancaster,  Br, — Mineral  residue  from  water  of  Alum  Springs,  Virginia. 

Lartet,  Professor  E, — Bone  breccia  from  the  bone-caves  of  Dordogne,. 
Prance. 

Latham,  General  0.  R, — Skin  of  kangaroo,  Australia. 

Latimer,  George, — Collection  of  birds,  Porto  Eico. 

4s 
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Laming^  Dr.  F, — Stone  implements,  Indiana. 

LewiSj  Dr.  James — Freshwater  shells,  Mohawk  River,  New  York. 

Limpertj  W.  B. — Nests  and  eggs,  Ohio. 

Lincecum,  Dr.  G, — Alcoholic  mammals  and  reptiles,  Mexico. 

Lindeuj  Charles. — Three  bird-skins,  New  York. 

LockMrU  James^  Hudson  Bay  Company. — Birds  and  eggs,  Fort  Yukoa, 
Alaska. 

Long,  Oiceriy  M.,  United  States  Consul. — ^Fish  from  Panama. 

Luddingtonj  Colonel  Uiiited  States  Army. — Carvings  from  the  Old  Pecos 
Church,  New  Mexico. 

Lupton^  Professor  N.  T. — Indian  stone  relics,  Warrior  River,  Alabama. 

MeElderry^  Dr.  IT.,   United  States  Army,  (through  the  Array  ^ledical 
Museum.) — Fossils  from  Texas. 

Macfarlaiie,  R.,  Hudmn  Bay  Company. — Birds  and  eggs  from  the 
Anderson  River,  Hudson  Bay  territory,  being  the  collections  for  1866. 

Mcllvaine,  J.  A. — Indian  pottery  from  Pennsylvania. 

Mcllvaine,  J.  H. — Birds  from  Central  America. 

McLain,  R.  T.,  United  States  Agricultural  Department. — Indian  stooe 
implements  from  Maryland. 

Madra^y  Gocernment  Museum. — Skeleton  of  hyena,  and  collection  of 
East  Indian  birds. 

March,  W^A7^?-am,  (by  Agricultural  Department.) — Stone  knives,  Oliio. 

Martin  H. — Eggs  of  Ectopistes  migratoria,  from  Michigan. 

Matlieicsj  Dr.  W.,  United  States  Army. — Bull-boat  used  by  Indians  of 
the  Indian  Territory,  wooden  mortar,  matting,  head  of  antelope  with 
deformed  horns ;  ethnological  specimens ;  same  locality. 

Mechling,  Mrs.  F.  E.  2>.,  (through  Agricultural  Department.)— Reptiles 
from  Belize. 

Merritty  E.  S. — Indian  arrow-heads.  Long  Island. 

Merrittj  J.  C. — Arrow-heads  from  Long  Island. 

Meiilen,  Lieutenant  E.  dc.  United  States  Army. — Plants  from  Cook's 
Inlet,  Alaska. 

Miller y  Dr.  George,  United  States  Army. — Bird's  eggs,  Colorado  Territoi?- 

Milne,  Edwards,  Professor  Alphonse. — Casts  of  JEpyornis  bones  a<^^ 
fossil  birds  of  France, 

Minor,  Dr.  T.  T.,  United  States  Army. — Indian  crania  from  Vancouver  * 
Island. 

Moore,  Carlton  R. — Fish  and  corals  from  the  coast  of  Virginia. 

Moore,  James  H. — Sulphate  of  strontia,  Virginia. 

Moore,  N".  B, — Mounted  tree-duck,  Louisiana. 

Nantucket  Atlienwum. — Skull  of  killer  whale. 

New  Albany  Society  of  Natural  History. — Cast  of  a  copper  spear-hea^ 
from  the  mounds,  Indiana. 

Newman,  Jos.,  (by  Agricultural  Department.) — Stone  implements  ltoi0 
South  Carolina, 

New  Zealand  Colonial  Museum. — Bones  of  Dinomis,  and  Apteryx,  shells^ 
bird-skins,  and  ethnological  specimens  from  New  Zealand. 
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yickerson^  George  Y, — Antique  soapstone  inkstand,  Cape  Cod. 

yorthicestern  U^iiversity. — Fossils  and  skins  of  gar  X3ike  from  Illinois. 

Orton^  Professor  James, — ^Tertiary  fossils  from  the  Amazon. 

Palmer,  Dr.  U.j  (partly  through  the  Agricultural  Department.) — Large 
and  varied  collections  of  specimens  in  various  departments  of  zoology, 
botaiiy,  ethnology,  and  archaeology  from  Arizona,  Utah,  and- New  Mex- 
ico. 

Passmorc  LetciSj  (by  the  Hon.  W.  Townsend.) — Stone  implements, 
Pennsylvania. 

Pease,  Horatio  N. — Tooth  of  fossil  cetacean.  Gay  Head,  Massachu- 
setts. 

Pirn,  Geo.  E.,  (by  Hon.  W.  Townsend.) — Stone  implements,  Pennsyl- 
vania. 

Piatt,  L.  W, — Indian  clothing  and  ornaments,  Nebraska. 

PourtaleSj  L.  F.  de, — Marine  invertebrates  from  Florida. 

Price,  J.  D. — Crystallized  calcite,  Virginia. 

Qttatrefa/fcs,  Professor. — Casts  of  osteological  and  other  specimens 
from  the  caves  of  Cromagnon,  France. 

Rankin,  Mr. — Indian  crania,  Massachusetts  coast. 

Ransom,  Governor,  (through  Mr.  Thos.  Bland.)  —  Land  shells  from 
Barbadoes.  , 

Reed,  Byron. — Ortyx  Virginianus,  Nebraska. 

Rwksecker,  L.  E. — Birds'  eggs,  Pennsylvania. 

Ridgeway,  Robert. — Birds  from  Illinois. 

Ring,  Lieut.  F.  M.,  United  States  Army. — Collections  of  birds,  osteo- 
logical specimens,  ethnology,  archceology,  &c.,  from  Alaska. 

SacJw,  H. — Saturnia  rubescens  from  Chili. 

St.  Petersburg  Imperial  Botanic  Garden. — Russian,  Siberian,  Japanese, 
and  other  plants. 

Salvin,  0. — Birds  from  the  Falkland  Islands. 

Scammon,  Capt.  C.  M.,  U.  S.  Revenue  Marine. — Baleen  of  Pacific  sul- 
phurbottom  whale. 

Schott,  Dr.  A. — Crystals  of  rock-salt,  Texas. 

Sclater,  Dr.  P.  L. — Birds  from  Peruvian  Andes  and  Buenos  Ayres. 

Sessions,  Luther. — Birds'  eggs,  Connecticut. 

Sharpless,  P.  P.,  (through  Hon.  W.  Townsend.) — Stone  implements 
from  Pennsylvania.  • 

Sliertcood,  Andretc. — Devonian  fish  remains  from  Pennsylvania. 

Sibbeston,  J.,  Hudson  Bay  Company. — Birds  and  eggs,  Fort  Yukon, 
Alaska. 

Spinner,  General  F.  E. — Fresh  specimen  of  the  copperhead  snake.  Dis- 
trict of  Columbia. 

Stearns,  R.  E.  C. — Pottery  vase  and  beads  from  Chiriqui,  Central 
America. 

Stelle,  J.  P. — Archaeological  and  ethnological  specimens  from  Tennes- 
see mounds. 

Sternberg,  G.  H.  and  Dr.  G.  M. — Fossil  plants  from  Kansas. 
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Stevenson^  J, — Mounted  Neotomaj  Wyomiup^  Territory. 

Stevenson^  J.  J, — Stone  implements,  West  Virginia. 

StileSj  Hon,  Jno.  J>.,  M.  C, — Specimen  of  iridescent  hematite. 

Sireng,  L.  H, — Miscellaneous  shells.  |    j 

Stuurtj  Mrs,  R,  L. — Stone  pipe,  Virginia. 

Sumichrasty  Dr,  Francis — Miscellaneous  zoological  collections, Isthmus 
ot  Teh  nan  tepee. 

Thomas,  Ezra,  (through    Hon,  W.  Townsend.) — Stone  implements, 
Pennsylvania. 

Thompson,  R.  0. — Fossils  and  birds'  skins  from  Missouri. 

Thomson,  J,  ^.-r-Eggs  of  African  ostrich,  and  of  {Jasuurius  Bennettil 
or  "mooruk"  from  New  Britain,  and  rocks  containing  garnets  from 
New  Bedford. 

Tolman^  J.  IF. — Birds'  eggs,  Illinois. 

Townsend,  Hon.  W. — Stonei  mplements  from  Pennsylvania.    (See  also 
under  other  entries.) 

Turner,  G. — Flint  implements,  Illinois. 

United  States  Geological  Survey  of  the  Territories. — Dr.  F.  V.  Haydec 
in  char«>e.  Large  miscellaneous  zoological  and  paleontological  colle<i- 
tions  from  the  liocky  Mountains. 

Unknown. — Stone  ax,  Missouri  ?  Stone  implements  and  fossil  corals 
Canada?    Box  fossils,  Missouri  ?     Skeleton  Pottawattomie  Indian! 

Vickary,  Dr.  R.  S.,  Assistant  Surgeon,  United  States  Army. — Ano'^*'- 
heads  and  pottery.  New  Mexico.  . 

Vienna,  Imperial  Zoological  Museum  of. — Birds  and  skin  and  skeleton 
of  the  aurochs,  from  Austria. 

Verrill,  Professor  A.  E. — Miscellaneous  radiates. 

Waclmnuth,  Chas. — Fossil  crinoids,  Iowa. 

Walker,  Dr.  Robert  L.,  (through  Agricultural  Department.)— Arr^^ 
heads  from  Virginia. 

Weile^  Chas.,  United  States  Consul. — Reptiles  from  Guayaquil. 

Weinland,  Dr.  D.  F. — Land-shells  from  the  Bahama  and  West  Inc^  ^ 
Islands. 

Wiggins,  William. — Crystallized  cinnabar  in  quartz,  California. 

Williams,  General  A.  D.,  (through  Captain  J.  M.  Dow.) — Pottery  fro 
San  Salvador,  Central  America. 

Williams,  Dr.  H.    C7j»— Arrow-heads,  Virginia,  and  stone  implemenr  '^ 
from  the  same  locality. 

Willmuth,  J.  A.  H. — Mounted  agouti,  (Dasyprocta,)  South  America  -r 
through  Agricultural  Department. 

Wilson,  Jas. — Stone  implements  (through  the  Hon.  W.  Townsend^ 
from  Pennsylvania. 

Wilson,  Dr.  S.  W. — Five  amphiumas  from  Georgia. 

Witter,  David  K. — Fossils  and  seeds,  Iowa. 

Yager  y  W.  F.— IS  est  of  Tyrannus  CaroUnensis]  New  York. 

Yates,  Dr.  L.  S. — Indian  crania  from  mounds  and  stone  mortar  with 
pestle  from  California. 
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Ageut  and  country. 

Number    of    ad- 
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Number  of  pack- 
ages. 

00 
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■s 

Cm 

o 
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•si 

)r.  Felix  FlI^gel,  Leipsic : 

Russia 

84 

436 

51 

92 

486 

60 

6 

1 

Germany 

1 

Switzerland ...« 

1 

Greece 

6 

i 

1 
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577 

644 

51 

539 

1    13, 291 

oyal   Swedish  Academy  of  Sciences, 
Stockholm : 

General 

4 
17 

4 
41 

• 

Sweden . .' i. 

1 

1 

Total 

21 

45 

3 

30 

7-iO 

►YALlIxn-ERSiTY  OF  NORWAY,  ChrisHania  : 
Norway* 

11 

17 

2 

20 

486 

Val  Danish  Society  of  Sciences,  Copen- 
Denmark 

23 

1 

28 
1 

1 

• 

Iceland - 

Total 

24 

29 

3 

30 

729 

^DERiCK  MDiJ.ER,  Amsterdam  : 

Holland    

57 
33 

* 

62 
36 

1 

Belgium 

1 

Total 

90 

98 

6 

60 

1,458 

STAVE  BossANGE,  PaHs : 

France 

'   165 
9 
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2 

176 

11 

6 

2 

Spain i 

Portugal 

Algeria 

ii 
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Total '. 

178 

195 

13 

123 

4. 032 

ISTITUTO  LOMB.  Dl  SCIENCE  E  LeTTERE, 
Milan  : 

Italy 

136 

144 

8 

80 

1  944 

ILLIAM  Wesley,  London  : 

Great  Britain  and  Ireland 

268 
3 

494 
3 

1 

1 

Cape  Town,  Africa 

Total 

271 

314 

20 

195 

5,879 

Rest  of  the  world ! 

119 

136 

15 

112 

2,835 

Grand  total 
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1,805 

121 

1,189 
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Packages  received  by  the  Smithsonian  Institution  from  parties  in  Ameriea, 

for  foreign  distribution^  in  1870. 


Address. 


ALBANY,  NEW  YORK. 


Albany  Institnte 

Dudley  Observatory 

New  York  State  Library 

New  York  State  Agricultural  Society 
New  York  State  Homeopathic  Soci- 
ety   

New  York  State  Medical  Society 

Dr.  Paine .* 


ANN  ARBOR,  MICHIGAN. 

University  of  Michigan 


BOSTON,   MA8SACHUSKTT8. 


American  Academy  of  Arts  and  Sci- 
ences   

Board  of  State  Charities 

Boston  Society  of  Natural  History. 

Bureau  of  Statistics  of  Labor 

Public  Library 

Dr.  T.  M.  Brewer 

Dr.  B.A.Gould 

Dr.  Howe,  (Perkins  Institute  for 
Blind) 


No.  of 
packagei 

12 

35 

53 

12 

17 

30 

2 

CAMBRIDGE,  MASSACHUSETTS. 

Cambridge  Observatory 

Aiuericau  Association  for  Advance- 
ment of  Science /. 

Harvard  College 

Museum  of  Comparative  Zoology.. 
Professor  Asa  Gray 


CHARLESTON,  SOtJTH  CAROLINA. 

Dr.  F.  P.  Porcher 


CHICAGO,    ILLINOIS. 


Academy  of  Sciences.. 
Chicago  Medical  Times 


CINCINNATI,  OHIO. 

Observatory , 

COALBURO,  WEST  VIRGINIA. 

W.  H.  Edwards 


COLUMBUS,  OHIO. 

Ohio  State  Agricultural  Society  . . 

DORCHESTER,  MASSACHUSETTS. 

Dr.  Edward  Jarvis 


263 
74 

341 

12 

16 

1 

10 

29 


8 

68 

258 

1 


50 
11 


36 


89 


30 


Address. 


3 


Z'' 


EA8TON.  PENN8YLVANLA. 


ProfessqrT.  C.  Potter 

GEORGETOWN,  D.  C. 

Dr.  A.Schott 


HAVANA,  CUBA. 


Professor  F.  Poey 


INDIANAPOLIS,  INDIANA. 

Institution  for  Deaf  and  Dumb... 
Institution  for  Education  of  Blind. 
State  Geological  Survey 


IOWA  CITY,  IOWA. 


Grand  Lodge  of  Iowa 

Iowa    Institution    for    Deaf  and 

Dumb 

Professor  Hinrichs 


JEFFERSONVILLEy  INDIANA. 

S.  S.  Lyon 


MEXICO. 


Mex.  Soc.  Mex.  de  Hist.  Natural. 

MONTREAL,  CANADA. 

Professor  P.  P.  Carpenter 


NEW  BEDFORD,  MASSACHUSETTS. 

J.  H.  Thomson 


NEW  HAVEN,  CONNECTICUT. 

American  Journal  of  Science 

Connecticut  Academy  of  Sciences. 
Professor  A.  E.  Verrill 


NEW  YORK. 

American  Institute 

New  York  Lyceum  of  Natural  His- 
tory   

American  Christian  Commission. . 
H.  Maunsell  Schie£feliu 


PHILADELPHIA,  PENNSYLVANIA. 

Academy  of  Natural  Sciences 

American  Philosophical  Society.. 
Fraukliu  Listitute 


30 
100 
400 


23 

104 


1 


i: 

5( 


25 
71 
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Packages  received  from  parties  in  America^  &c, — Continued. 


Address. 


(ILADELPHIA,  PA. — Continued. 

rd  College 

orical  Society  of  Peiiusylvania. 

isjivaiiia  House  of  Refuge 

isyU'auia  luuiitute  for  Deaf  aud 

auib 

ety  for  Alleviation  of  Miseries 

Piiblic  Prisons 

;ner  Free  Institute  of  Science.. 

Isaac  Lea 

G.H.Hora 

'eale 

HCEXIXVILLE,  PENNSYLVANIA. 

LWheatley • 

PORTLAND,  MAINE. 

iral  Ilistorj'  Society 

PRINCETON,  NEW  JERSEY. 

Stockton 

ROVIDENCE,  RHODE  ISLAND. 
C.  M.  SliOW 

SALEM,  MASSACHUSETTS. 

c  Institute 

ody  Academy  of  Science 

L.  S.  Packard 

.Putnam 

ST.  PAUL,  MINNESOTA. 

lesota  Historical  Society 

SOUTH  H4NOVER,  INDLkNA. 

.  Bradley 


No.  of 
package] 

1 

19 

25 

25 

25 

113 

36 

3 

1 

65 


26 


165 

71 

16 

1 


22 


Address. 


SPKINGIIELD,  ILLINOIS. 

Professor  A.  H.  Wortben 

WASHINGTON,  D.  C. 

Bureau  of  Navigation 

Bureau  of  Statistics 

Columbia  institute  for  Deaf  and 
Dumb 

Medical  Department  United  States 
Army 

Nautical  Almanac  Office 

Treasury  Department 

United  States  Coast  Survey 

Uii i  te<l  States  Agricultural  Depart- 
ment   

United  States  Naval  Observatory.. 

United  States  Patent  Office 

William  H.  Dall 

Dr.  F.  V.Hayden 

General  J.  A*  Garfield 

T.  PcBsche 

B.P.Poore 

WILMINGTON,    DELAWARE. 

W.M.  Canby 

WINNEBAGO,  ILLINOIS. 

M.  S.  Bebb 

ADDRESSES  UNKNOWN. 

F.  N;  Hasselquint 

A.  Zeno  Sbindler 

G.  M.  Levette 

Unknown 

Total 


««-l 

«0 

o 

y) 

c: 

c^ 

;z5 

ft 

Sh 

1 

100 

leo 

16 

94 

18 
200 

472 
169 
14 
30 
68 
60 
2 
39 


1 

200 

I 

20 


6,481 
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Packages  received  by  the  SmitJisonian  Institution  from  Europe,  in  1810, 

for  distribution  in  America. 


-U.BANY,  NEW  YORK. 


Albany  Institnto 

Dudley  Observatory 

New  York  State  Agricultural  Society 

New  York  State  Library 

New  York  State  Medical  Society 

New  York  State  University 

State  Cabinet  of  Natural  History . . . 
Governor  of  the  Stat^  of  New  York. 

HoH.  Francis  C.  Barlow 

Professor  James  Hall 

Dr.  Woolworth 


AMHERST,  MASSACHUSETTS. 


Amherst  College 

Professor  C.  U.  Shepard 


ANNArOLIS,  MARYLAND. 


St.  John's  College 

State  Library 

United  States  Naval  Academy 

ANN  ARBOR,  MICHIGAN. 


Observatory 

University  of  Michigan  ^ 

Major  T.  D.  Brooks 

Professor  A.  Winchell 


APrLETON,  WISCONSIN. 

Lawrence  University 


AUSTIN,  TEXAS. 

State  Library 

Texas  Institution  for  Deaf  and  Dumb 

BALTIMORE,  MARYLAND. 

Maryland  Historical  Society 

Peabody  Institute 

S.  C.  Chew 

Rev.  Edwin  Dalrymple 

Dr.  E.  Foreman 

Martin  Lewis 

N.  H.  Morrison 

Dr.P.  R.  Uhler ! 


BANGOR,  MAINE. 


Dr.  A.  C.  Hamlin 


BATON  ROUGE,  LOUISIANA. 

Louisiana  Institution  for  Doaf  and 
Dumb 


6 

20 

31 

27 

1 

5 

6 

1 

1 

24 

1 


4 
2 


1 
1 
1 


12 
1 
2 
9 


2 
1 


7 
2 
1 
1 
1 
1 
1 
1 


BETHLEHEM,  PENNSYLVAXL\. 


Lehigh  University , 


BINGHAMTON,  NEW  YORK. 

Institution  for  Blind 


BOSTON,  MASSACHUSETTS. 

American  Academy  of  Arts  and  Sci 
cnces  

American  Christian  Examiner. .... 

American  Statistical  Association  .. 

American  Unitarian  Association... 

Athenaeum 

Board  of  State  Charities 

Boston  Christian  Register ^. . . 

Boston  Society  of  Natural  History. 

Massachusetts  Historical  Society  .. 

New  England  Historico-Geuealogi- 
cal  Society 

North  American  Review 

Prison  Discipline  Society 

Public  Library 

State  Library 

Rev.  W.  R.  Alger 

N.  ApoUonio 

Rev.  Caleb  D.  Bradlco 

Dr.  T.  M.  Brewer  

Alellen  Chamberlain 

Professor  D.  Cheevcr 

Samuel  G.  Drake 

Rev.  Dr.  Garuett ." 

W.  Lloyd  Garrison 

Dr.  S.  G.  Howe : 

Gardiner  G.  Hubbard 

Alphcus  Hyatt 

J.  Norton 

Francis  Parkman 

Captain  P.  W.  Pen  hallow 

Wendell  Phillips 

A.  P.  Rockwell 

I'rofessor  W.  B.  Rogers .  i 

8.  H.  Scudder : 

J.  A.  Swan 

Walker,  Fuller  &  Co 

Dr.  T.H.Webb 

Henry  C.  Wright 


BROOKLIXE,  MASSACHUSETTS. 


Colonel  T.  Aspinwall 
Professor  T.  Lyman . . 


BROOKLYN,  NEW  YORK. 

Long  Island  Historical  Society 


1 


BLOOMINGTON,  U^LINOIS.  j 

Illinois  Natural  History  Society  ..♦!      I 


m 


1» 
H 

3 


23 
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Packages  received  from  UuropCy  (6c, — Continued- 


Address. 


r,  NEW  YORK — Continued. 

rtlielmes , 

^  Beecher 

Brevoort 

Murphy 

Smith 

lUNSWICK,  MAINE. 

I!ollego 

Society  of  Maine 

FFAIX),  NEW  YORK. 

istorical  Society , 

JRLINGTON,  IOWA. 

i-om , , 

luth 

tNGTON,  NEW  JERSEY. 

ney 

LINGTON,  VERMONT.    . 

L     ••••••    •••**•    ■•«•«•    •••••< 

7  of  Vermont 

[DGE,  MASSACHUSETTS. 

Association  for  Advance- 
Science  , 

cal  Journal 

yollepje 

a  of  Harvard  College 

f  Comparative  Zoology.. 

ty  of  Hai'\'ard  College 

Agassiz 

L.  Agjujsiz , 

Asa  Gray : . 

J.  G.  Anthony , 

Jould 

gen 

wcr 

B.  Peirce 

Perry '. 

ick J, , 

iachner 

J.I).  Whitney 

J.  Winlock 

J.  Wyman 

INTON,  NEW  YORK. 

Qce  University 

ISLE,  PENNSYLVANIA. 

CoUege 

Literature 


3 
3 


1 
1 


1 
3 


41 

2 

28 

2 

37 

34 

1 

56 

18 

1 

H 

3 

1 

4 

1 

1 

8 

1 

5 

3 

2 


2 
2 


Address. 


CAVE  SPRING,  GEORGIA. 

Georgia  Institution  for  Deaf  and 
Dumh 

CHAPEL  HILL,  TEXAS. 

Soul<S  University 

CHARLESTON,  SOUTH  CAROLINA. 

Charleston  Museum 

Elliott  Society  of  Natural  History. 

Society  Library 

South  Carolina  Historical  Society.. 
Dr.  John  E.  Holbrook '. . . 

CHARLESTOWN,  NEW  HAMPSHIRE. 

Dr.  S.Webber 

CHARLOTTESVILLE,  VIRGINIA. 

University  of  Virginia : . 

CHICAGO,  ILLINOIS. 

Chicago  Academy  of  Sciences 

Chicago  College  of  Pharmacy 

Board  of  Trade 

Dearborn  Observatory 

Historical  Society  of  Chicago ...... 

Insane  Asylum 

Medical  Times 

Andrew  Bolter 

S.  A.  Briges 

M.  De  la  Fourtrie 

T.  H.  Safford 

Charles  Sonnes 

Dr.  W.  Stimpson 

CINCINNATI,  OHIO. 

American  Freemason 

American  Medical  College 

Astronomical  Observatory 

Historical  and  Philosophical  Society 

Mercantile  Library  Association 

City  Clerk 

Dr.  Cleveland  Abbe 

J.  G.  Anthony 

Danidl  Vaughan 

CLINTON,  NEW  YORK. 

Observatory  of  Hamilton  College.. 
Dr.  C.  H.  F.  Peters 

COALBURGH,  WEST  VIRGINIA. 

W.H.  Edwards 
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16 
2 
3 
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2 
1 
7 


1 
1 
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2 
1 
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1 
1 
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3 
3 


58 


LITERARY   AND   SCIENTIFIC   EXCHANGES. 


Packages  received  from  Europe^  cfcc. — Continued. 


COLUMBIA,  MISSOUKI. 


Geological  Survey  of  Missouri. 

University  of  Missouri 

Dr.  G.  C.  SwaUow 


COLUMBIA,  SOUTH  CAROLINA. 


South  Caroliua  College 
State  Library 


COLUMBUS,  OHIO. 

Institution  for  Deaf  and  Dumb. . 
Ohio  Stat-e  Board  of  Agriculture. 
Leo  Lesquereux. 


CONCORD,  NEW  HAMPSHIRE. 

New  Hampshire  Historical  Society.. 
State  Lunatic  Asylum 


COUNCIL  BLUFFS,  IOWA. 

Iowa  Institution  for  Deaf  and  Dumb 

DANVILLE,  KENTUCKY. 

Kentucky  Institution  for  Deaf  and 
Dumb 


DECORAH,  IOWA. 

Norwegian  Luther  College. 

DELAWARE,  OHIO. 

Ohio  Wesleyan  University 


DELAVAN,  WISCONSIN. 

Wisconsin  Institution  for  Deaf  and 
Dumb 


DES  MOINES,  IOWA. 


Geological  survey  of  Iowa 

Governor  of  the  State  of  Iowa. 
State  Library 


DETROIT,  MICHIGAN. 

Michigan  State  Agricultural  Society 

DORCHESTER,  MASSACHUSETTS. 

Dr.  Edward  Jarvis 


DURHAM  CENTRE,  CONNECTICUT. 

Rev.  W.  Fowler 


3 
2 
1 


3 
1 


1 

53 

4 


4 
1 


1 
1 

6 


8 


12 


EAST  GREENWICH,  NEW  YORK. 

Asa  Fitch 


EASTON,  PENNSYLVANIA. 


Lafayette  College 

Professor^.  C.  Porter. 


EVANSTON,  ILLINOIS. 

Northwestern  University 

FAIRIBAULT,  MINNESOTA. 

Minnesota  Institution  for  Deaf  and 
Dumb 


FALL  RIVER,  MASSACHUSETTS. 


Niel  Amtzen 


FUNT,  MICHIGAN. 

Michigan .  Asylum   for  Deaf  and 
Dumb 


FORT  MACON,  NORTH  CAROLINA. 


'; 


Dr.  E.  Cones 


FRANKFORT,  KENTUCKY. 

Geological  Survey  of  Kentucky 

FREDERICK,  MARYLAND. 

Maryland  Institution  for  Deaf  and 
Dumb 

FREDERICKTON,  NEW  BRUNSWICK. 


King's  College 

Legislative  Librarj*^ 


FULTON,  MISSOURI. 

Missouri  Asylum   for    Deaf    and 
Dumb 

GALESBURG,  ILLINOIS.' 

Lombard  University 


GALESVILLE,  WISCONSIN. 

Galesville  University , 


GAMBIER,  OHIO. 

Kenyon  College 


3 
1 


LITERARY   AND  .SCIENTIFIC   EXCHANGES. 


59 


Packages  received  from  EuropCy  &c. — Continued. 


Address. 


UNEVA,  NEW  YORK. 

H.L.Smith..' 

EORGETOWN,  D.  C. 

STx.  College 

n>  RAPIIXS,  MICHIGAN.  ' 

rier 

5ENCASTLE,  INDIANA. 

isbury  University 

LIFAX,  NOVA  SCOTIA. 

»tian  Institute  of  Natural 

8 

George  Lawson 

MELTON,  NEW  YORK. 

C^niversity 

.  Kcndrick 

DEN  SYDNEY,  VIRGINIA. 

Sydney  College 

•\'^R,  NEW  HAMPSHIRE. 

.h  College 

HAVANA,  CUBA. 

F.  Poey 

SBURG,  PENNSYLVANIA. 

lociety  of  the  State  of  Penn- 

a 

rary 

TFORD,  CONNECTICUT. 

I  Asylum    for    Deaf   and 

1  Society  of  Connecticut..-. 

iylnm 

en's  Institute 

ollege 

HUDSON,  OHIO. 

Reserve  College 

>IANAPOLIS,  INDIANA. 

iistorical  Society 
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INDIANAPOLIS,  IND. — Continued. 

Indiana  Institute  for  Blind 

Indiana  Institution  for  Deaf  and 

Dumb 

Dr.  W.  W.  Uutterfield 

INMANSVILLE,  WISCONSIN. 

Wisconsin  Scandinavian  Society.. 

IOWA  CITY,  IOWA. 

Grand  Lodge 

Iowa  State  University 

Professor  G.  Hinrichs . . . : 

Dr.  C.A.White 

ITHACA,  NEW  YORK. 

Cornell  College 

Dr.  Wesley  Wewcomb 

Professor  Goldwin  Smith 

JACKSON,  MISSISSIPPI. 

State  Library 

J.S.  B.Thacker 

JACKSONVILLE,  ILLINOIS. 

Illinois  Institute  for  Blind 

Illinois  Institution  for  Deaf  and 
Dumb , 

JEFFERSON  CITY,  MISSOURI. 

Historical  and  Philosophical  Society 

KEYTESVILLE,  MISSOURI. 

Charles  Veatch 

KINGSTON,  CANADA. 

Botanical  Society  of  Canada 

Queen^s  College 

KNOXVDLLE,  TENNESSEE. 

Tennessee  School   for    Deaf  and 
Dumb 

LEBANON,  TENNESSEE. 

Cumberland  University 

LEWISBURG,  PENNSYLVANIA. 

University 

LEXINGTON,  KENTUCKY. 

Rev.T.  W.  Coit 
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LEXINGTON,  VIRGINIA. 

M.  F.  Maury 

LITTLE  ROCK,  ARKANSAS. 

Arkansas  Institution  for  Deaf  and 

Dumb r 

State  Library 

State  University 


LOUISVILLE,  KENTUCKY. 


City  Clerk 

*  Grand  Lodge 

University  of  Louisville 

Historical  Society  of  Kentucky. 

LYNN,  MASSACHUSETTS. 


Massacbusetts  Society  of  Natural 
History 


MADISON,  WISCONSIN. 


Eraip^ranten 

Historical  Society  of  Wisconsin  . . . 

State  Library 

Wisconsin  State  Agricultural  Society 

Dr.  P.  A.  Cbadbourne 

Mr.HiU 


MIDDLETOWN,  CONNECTICUT. 

Wesleyan  University 

MILLEDGEVILLE,  GEORGIA. 


State  Library 
University . . . 


MILWAUKEE,  WISCONSIN. 

Increase  A.  Lapham 


MONTGOMERY,  ALABAMA.  , 


State  Library 


MONTPELIER,  VERMONT. 


Historical  and  Antiquarian  Society 

of  Vermont 

State  Library 

Dr.  Albert  Hager 


MONTREAL,  CANADA. 

Geological  Survey  of  Canada. 

McGill  College 

Montreal  Historical  Society. . 
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MONTREAL,  CANADA — Continued. 


Natural  History  Society  . 

Observatory 

E.Billings 

Professor  P.  P.  Carpenter 
Professor  J.  W.  Dawson . . 
Professor  J.  Sterry  Hunt. 
Sir  William  Logan 


NASHVILLE,  TEN'NESSEE. 


State  Library 

University  of  Nasbvillo. 
Rev.  Philip  Lindsloy 


NATCHEZ,-  MISSISSIPPI. 

William  P.  MiUer 


NEENAH,  WISCONSIN. 

Scandinavian  Library  Association. 

NEWARK,  NEW  JERSEY. 

Historical  Society  of  New  Jersey.. 

NEW  BEDFORD,  MASSACHUSETTS. 

William  Hathaway,  jr 


NEW  BRUNSWICK,  NEW  JERSEY. 

Geological  Survey  of  New  Jersey. 
Professor  George  H.  Cooke 


NEW  HAVEN,  CONNECTICUT. 

American  Journal  of  Science  and 
Arts .*. 

American  Oriental  Society 

Connecticut  Academy  of  Arts  and 
Sciences 

New  Haven  Museum 

Yale  College 

Professor  W.  P.  Blake 

Hon.  C.  W.  Bradley 

Professor  W.  H.  Brewer 

Professor  G.  J.  Bnish 

Professor  J.  D.  Dana 

Professor  D.  C.  Eaton 

Professor  E.  Loomis 

Professor  C.  S.  Lyman 

Professor  C.  O.  Marsh 

Professor  H.  A.  Newton 

Dr..  Shennan 

Professor  B.  Silliman 

Professor  A.  C.  Twining 

Professor  A.  E.  Verrill 

Professor  W.  D.  WTiitney 

Professor  T.  D.  Woolsey 
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Address. 


NEW  YORK,  N.  Y.— Continued. 


James  Lenox 

C.Loosey,  Consul  Greneral  of  Austria 

Dr.  B.  \V.  McCrady.. 

Dr.  J.  8.  Newberry 

Dr.  J.  CNott 

Baron  R.  Osten-Sacken 

Messrs.  Parker  &  Douglas 

Brother  Paulian,  Manhattan  College 

Professor  Charles  Ran 

Hon.  S.  B.  Ruggles 

E.  G.  Squier 

F.  R.  Stallknecht 

Professor  John  Torrey 

Prosper  M.  Wetraore 

E.C.  Wines 


NORTHAMPTON,  MASS.      . 

Clarke  Institution  for  Deaf  and 
Dumb , 

NOTRE    DAME,  INDIANA. 

Sister  Angela  Gillespie 


OLATHE,   KANSAS. 

Kansas  Institution  for  Dearf  and 
Dumb 


OLYMPIA,  WASHINGTON  TERRITORY. 

State  Library 


OMAHA,    NEBRASKA. 

Nebraska  Institution  for  Deaf  and 
Dumb 


OTTAWA,  CANADA. 

Legislative  Library  of  Canada . 

OXFORD,   OHIO. 

Miami  University 


OXFORD,   MISSISSIPPI. 


University  of  Mississippi 
E.  W.  Hiigard 


PEORIA,  ILUNOIS. 

Dr.  F.  Brendel 


PHILADEIJ»HIA,  PENNSYLVANIA. 

American  Journal  of  Conchology. 
Academy  of  Natural  Sciences . . . . 
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PHILADELPHIA,'  PA. — Continued. 

American  Entomological  Society- . . 

American  Journal  of  Medical  Sci- 
ence   * 

American  Pharmaceutical  Associa- 
tion   

American  Philosophical  Society .... 

Board  ofControUere  of  Public  Schools 

Central  High  School 

Franklin  Institute 

Girard  College 

Historical  Society  of  Pennsylvania. 

House  of  Refuge 

Library  Company 

Magnetic  and  Meteorological  Ob- 
servatory   

North  American  Medico-Chirurgical 
Review 

Numismatic  and  Antiquarian  So- 
ciety   

Observatory  of  Girard  College 

Pennsylvania  Institute  for  Blind... 

PenDsylvanitt  Institute  for  Deaf  and 
Dumb 

Wagner  Free  Institute  of  Science.. 

James  Barclay 

Rev.  E.  R.  Beadle 

Professor  H.  Bigelow 

Lorin  Blodget 

Dr.  D.  D.  Brinton 

H.  C.  Carey 

J.  Cassin 

G.  W.  Childs 

Dr.  B.  H.Coates 

T.  A.  Conrad 

Professor  E.  D.  Cope 

Professor  E.  T.  Cresson 

Dr.  Isaac  Hays 

Dr.  G.  H.  Horn 

S.  P.  James 

Dr.  Isaac  Lea 

Dr.  X  L.  Le  Conte 

Professor  J.  Leidy 

Professor  J.  P.  Lesley 

Dr.  J.  A.  Meigs ^ 

J.  G.  Morris 

J.  Redfield 

Dr.  J.  H.  M.  Packard 

W.  Skarswood 

George  W.  Tryon,  jr 

Professor  W.  Wagner 

Dr.  E.Ward 

PHCENIXVILLK,  PENNSYLVANIA. 

Charles  M.  Wheatley 

PORTLAND,  MAINE. 

City  Registrar 

Portland  Society  of  Natural  His- 
tory   ^ 
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POUGHKEEPSIE,  NEW  YORK. 

Yassar  College 


PRINCETON,  NEW  JERSEY. 


College  of  New  Jersey. 

Albert  D.  Brown 

Professor  A.  Guyot 


PROVIDENCE,  RHODE  ISLAND. 


Brown  University 

Registrar  General  of  Rhode  Island. 
Rhode  Island  Historical  Society... 

John  R.  Bartlett 

John  Carter  Brown 

Professor  Alexis  Caswell 

Romeo  Elton 

Dr.  Edwin  M.  Snow 


QUEBEC,  CANADA. 


Laval  University 

Literary  and  Historical  Society 
Observatory 


RALEIGH,  NORTH  CAROLINA. 

North  Carolina  Institution  for  Deaf 

and  Dumb 

State  Library 

RICHMOND,  VIRGINIA. 

Historical  Society  of  Virginia 

State  Library 

T.H.Wynne 

ROCHESTER,  NEW  YORK. 

University 

SACRAMENTO,  CALIFORNIA. 

Geological  Survey  of  California... 
State  Library 


ST.  ANTHONY,  MINNESOTA. 

•University  of  Minnesota 


ST.  LOUIS,  MISSOURI. 

Deutsches  Institnt  znr  Befordenmg 
der  Wissenchaften 

Catholic  Institution  for  Deaf  and 
Dumb 

City  Clerk 

Medical  and  Surgical  Journal 

St.  liouia  AcAidftmY  of  Sciences.... 
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ly  Academy  of  Science 

S.  Packard 
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J.  Steams 
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J.Smith 
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J.  Fisher 
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Address. 


SWANTON,  CANADA. 

Dr.  Perry 


TALLADEGA,  ALABAMA. 

Alabama  Institution  for  Deaf  and 
Dumb i 


TORONTO,  CANADA. 


Canadian  Institute 

Literary  and  Historical  Society 

Magnetic  Observatory 

Trinity  College  Library 

University  ot  Canada 


TUSCALOOSA,  ALABAMA. 

University 

URBANA,  OHIO. 

University  of  Urbana 

UTICA,  NEW  YORK. 

American  Journal  of  Insanity. 
Colonel  E.  Jewett 


VANDALIA,  ILLINOIS. 

Illinois  Histiorical  and  Archseologi- 
cal  Society 


WASHINGTON,  D.  C. 


American  Annals  of  the  Deaf  and 

Dumb 

American  Nautical  Ahnanac 

Bureau  of  Navigation 

Bureau  of  Statistics 

Census  Bureau 

Department  of  Agriculture , 

Department  of  Education 

Engineer  Department 

General  Land  Office 

Hospital  for  Insane 

Howard  University 

Hydrographic  Office 

Interior  Department 

Library  of  Congress 

Light-House  Board 

Mexican  minister 

National  Academy  of  Science 

National  Deaf-mute  College 

Navy  Department 

President  of  the  United  States  — 

Quartermaster  General's  Office 

Ordnance  Burieau 

Secretary  of  the  Navy 
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List  of  meteorological  stations  and  observers,  ^c,,for  the  year  1870— Contiaued. 


Station. 


Florida— Cont'd. 

Jacksonville,  Dnval  Co 

Ocala,  Marion  Co 

Newport,  Wakulla  Co 

Twelve  miles  north  of  Mosquito 

Inlet,  Volusia  Co. 

Orange  Grove,  Manatee  Co 

Manatee,  Manatee  Co 

Port  Orange,  Volusia  Co 

Biscayne,  Dade  Co 

Cbattaboocbee  ArsenaliGadsdeu 

Co. 
Pilatka,  Putnam  Co 

GEOBGLA.. 

St  Mary's,  Camden  Co 

2^ ear  Quitman,  Brooks  Co 

Atlanta,  Fulton  Co 

Columbus,  Muscogee  Co 

St<.  Mary's,  Camden  Co 

Jieme,  Camden  Co , 

Penticld,  Greene  Co 

ILLINOIS. 

Elmore,  Peoria  Co 

Pleasant  Kidge,  Bureau  Co 

Saudwicb,  Do  Kalb  Co 

Elmira,  Stark  Co 

Andalusia,  Kock  Island  Co. .-. . . 

Peoria,  Peoria  Co 

Springfield,  Sangamon  Co 

Cuicago,  Cook  Co 

Alto,  Leo  Co 

Louisville,  Clay  Co 

Havana,  Mason  Co 

Decatur,  Macon  Co 

Mount  Sterling,  Brown  Co 

Golconda,  Pope  Co 

Pana,  Christian  Co 

Near  Soutb  Pass,  Union  Co 

Charleston,  Coles  Co 

Manchester,  Scott  Co 

Wapella,  De  Wit^,  Co 

Quincy,  Adams  Co 

Mattoon,  Coles  Co 

Marengo,  McHenry  Co 

Waterloo,  Monroe  Co 

Chicago,  Cook  Co 

Galesburg,  Knox  Co 

Evanston,  Cook  Co 

Augusta,  nancock  Co 

Ottawa,  La  Salle  Co 

Belvidere,  Boone  Co 

Hennepin,  Putnam  Co 

Oquawlca,  Henderson  Co 

!Near  Wyanet,  Bureau  Co 

Aurora,  Kane  Co 

Dubois,  Washington  Co 

Effingham,  Effingham  Co 

Winnebago,  Winnebago  Co 

Warsaw,  Hancock  Co 

INDLINA. 

Near  Laporte,  Laporte  Co , 

Mount  Carmel,  Franklin  Co 

Vevay.  Switzerland  Co 

New  Harmony,  Posey  Co>. 

Laconia,  Harrison  Co 

Spiceland,  Henry  Co 


Name  of  observer. 


Baldwin,  A.  S.,  M.  D. 

Barker,  E 

Beecber,  Rev.  C 

Chamberlain,  S.  N  ... 


Clarke,  W.J 

Coachman,  B.  A  . . 
Hawks,  Mrs.  E.  H 

Hunt,  W.  H 

Martin,  M 


Bobinson,  G«n'l  G.  D. 


Barker,  E 

Cutter,  John  L 

Deckner,  F.,  and  son  . 

Fogarty,  N.J 

Uifiver,  H.  L 

Hillver.H.  L 

Sani'ord,  S.P 
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30  15 


30  10 


Adams,  W.H 

Aldricli,  Verry 

Ballou,N.E 

Blauchard,  O.  A 

Bowman,  £.  H.,  M.  D. . . . 

Brendel,  F 

Brinkerhoff,  G.  W 

Brookes,  S 

Carey,  Daniel 

Chase,  D.  H.,  M- D 

Cochrane,  J 

Dudley,T 

Duncan,  Rev.  A 

Eldrcdge.W.V 

Finley,  T.,  M.  D 

Freeman,  H.C 

Gramesly,  C 

Grant,J.and  C.W 

Groff,  T.  Louis 

H  came,  F.  I 

Henry,  W.E 

James,  I.  W 

Jozefe,  C,  M.  D 

Langguth,  J.  G 

Liv&gston,  Prof.  W 

Marcy,  Prof.  Oliver 

Mead,S.B 

Merwin,  Mra.  E.  H 

Moss,  G.  B 

Osbom,  N 

Patterson,  H.  N 

Phelps,  £.  S.  and  Miss 

Spaulding,  A.  and  Mra. 
E.D. 

Spencer,  W.  C 

Thompson,  W.,  M.  D  . . . 
Toiman,  J.  W.  and  Miss 
Whitaker,  B 


Andrew,r.G 

Applegate,  J.  A.,   and 
daughter. 

Boemer.C.G 

Chappelsmith,  J 

Crosier,  A 

Dawson,  W 
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:.  UamiltonCo^.. 

Ulayton  Co 

KoMUth  Co 

I,  JaHper  Co 

:onCo 

ra  Co 

ibuquo  Co 

Fayot^  Co 

uli««on,X«^6  Co 

iac  Co 

anes  Co 

Co ! 

bnson  Co 

ack  Hawk  Co  .:... 

,  HHTriflon  Co 

ocabontoa  Co 

:e,  Boouo  Co 

,  Qurdin  Co 

ida,  Floyd  Co 

Luacatiuo  Co 

),  Buchanan  Co  . . . 
ndenco,  Buchanan 

Harrison  Co 

ath  Co 

rie,  Jones  Co 

LAN8AS. 

on  Co 

»tory  Co 

a,  Jefferson  Co 

bffeyCo 

le,  Cfrawfonl  Co  . . . 

,  WiKxlHon  Co 

rhisonCo 

pi,  Cherokee  Co. . . 

tier  Co 

Uley  Co 

;oflfeyCo 

niglam  Go 

,  Leavenworth  Co. 

Co 

ton  Co 

e,  Morris  Co 

crrucKT. 

leCo 

.^fferson  Co 

DlarkCo 

2olnCo 

effersonCo 


Name  of  observer. 


Deem,  D 

Holmes,  T 

Kemper.  G.  W.  H.,  M.  D 
LouKUridj^e,  J.  H.,  M.  D 
McCoy,  lir.  F.  and  Miss 

McHonry,  B.  F 

Newton,  J.  W 

Robc^rtsoii,  II.  S 

SpiHer,D 

Suttou,  G 

Williams,  Mrs.  B.C 

Williams.  Mrs.  B.  C 

Wcwlon,  Dr.  G.  V.,  and 
others. 


Babcock.  E , 

Bryant..  Mrs.  J.  A  . . . 

Collin,  Prof.  A 

Croft,  Clayton  I 

Dickenson,  J.  P 

Dorweiler,  P 

Failor,  A 

Famsworth,  P.  J 

Hancock,  E.  M 

Horr.  Asa,  M.  D  — 

Mf<:nintock,  F 

McCready,  D 

Miller,  E.  and  K 

Moulton,  M.  M 

Nelmm,  D.  B 

Parvin,  Prof. T. S  ... 

Steed.  T 

Stern,  Jacob  F 

Strong,  Oscar  I 

Sullivan,  Z.  T 

Townsend,  N 

Wadcy,  H 

Walton.J.P 

Wanie.  O.,  M.  I) . . . . 
Wheaton,  Mrs.D.B. 


!3 

es 

o 


It 


39  46 

39  05 

40  12 

40  56 

41  10 
39  05 


41 

40  56 
39    5  54 
39  55 


Witter,  D.K.  and  M.E 

Warren,  J.  H 

Woodworth,  8 


Beckwith,  W 

Cotton,  J.  M 

Cotton,   J.  M.,  and  £. 

Adams. 

Crocker,  A...; 

Daniels,  P 

Groesbeck,  Mrs.  E.  W. . . 
Horn,   Dr.  H.    B.   and 

Miss  C. 
Ingraliam  and  Hyland  . . 

Lamb,  Dr.W.  M 

Mudgo,  Prof  B.  F 

Shoemaker,  J.  O 

Snow,  Prof.F.  H 

Stayman,  Dr.  J 

Walrad,  LD 

Walters,  Dr.  J 

WoodwMth,  A 


Beattv,  O 

Blackbam,  Dr.  C.  B 
Martin,  Dr.  S.  D  ... 

Shriver,  H 

YooBg,  MmL 


39  47 


42 

41  20 
42 

42  30 
43 
43 
42 

41  47 


bA 

S  • 
C  O 

^     \ 


o  / 

85  24 

67  40 
a5  16 
87  13 
85  30 

^1   40 


// 


65 

87  12 
84  54 
87  40 


42  30 
42  58 

40  37 
42  16 
42  15 
42  20 

41  36  53 

42  30 
41 

42  50 
42  6 
42  32 
43 

41  25 

42  25 

42  29  25 

41  38 

43  05 

42  15 


38  50 

42 

39 

38  08 
37  53 
37 

39  42 

37  03 

37  33 
39  12 

38  06  28 

38  55 

39  20 

38  30 

39  27 
3d  40 


37  40 


38  04 

37  34 

38  06  55 


87  6 


93  14 

94  30 
91  30 
94 

90  50 
94  26 
94 
90  10 


90  39  51 

91  50 
91  28 

94  57  36 
91  15 
95 

91  30  10 

92  30 
95 

94  34 

93  40 

93  20 
93 

91  02 

92  06 

91  50  08 

95  40 

94  15 


94  30 

93  30 

95  30 

95  27 

94  85 


95 

94  37 
97  03 
96  40 

95  27  39 
95  15 

94  33 

95  30 

95  10 

96  30 


84  30 


.J 
.c 

61) 


84  30 


FeH. 
800 


725 


800 
725 
509 


t&% 


1.160 
1,500 


690 
1,500 


630 


666 
1,300 


800 
900 


928 
1,000 
1,200 


582 
940 


800 


790 


825 


1,000 


1,300 


850 

767 


1,172 


900 


978 
900 


5 

a 

s 


■"T 


« 

a  sj 

c  > 

3  t-l 


^     'A 


BPTR 
TR 
TR 
TR 
TR 
TR 
BTR 
TR 
TR 

BPTR 
TR 
TR 

BPTR 


TR,, 
T  li 

T 

T 

T 

T 

TR 

TR 

TR 

BPTR 

BTR 

TR 

TR 

TR 

TR 

BPTR 

T 
TR 
TR 
TR 
TR 

T 

BTR 

BTR 

TR 

TR 

T 
BTR 


TR 
TR 
TR 

R 

TR 
TR 
TR 

TR 

TR 

BTR 

BTR 

BPTR 

TR 

TR 

T 
TR 


BTR 
BPTR 
BPTR 
BPTR 


12 
9 
5 

11 

2 

1 

2 
*» 

12 
9 
2 

11 


13 

11 

12 

10 

12 

8 

1 

12 

9 

11 

H 

12 

11 

12 

5 

12 

8 

12 

2 

3 

9 

12 

3 

12 

12 

12 
11 
12 


12 
1 
5 

5 
5 
4 

12 

12 

6 

12 

4 

12 
12 
12 
12 
12 


9 

1 

12 

11 
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METEOROLOGICAL  STATIONS  AND   OBSERVERS. 


Li8t  of  meteorological  siaiionB  and  obderver^,  4^,,  for  the  year  1870 — Coatinaed. 


Station. 


LOUISIANA. 


Anchorage  Plantat'D,BoMierPar 
Pouchatoula,  Tangipahoa  Par . . 

New  Oi'leana,  Orleans  Par 

Cheney  villo,  Kapides  Par 


MAINE. 

Honlton,  Aroostook  Co 

Orono,  Penobftcot  Co 

Gardiner,  Kennebec  Co 

Ornish,  York  Co 

Lisbon,  Androscoggin  Co 

Standish,  CumUbrland  Co 

SteubtMi.  Washimtton  Co 

Mount  Desert,  Hancock  Co  . . . 
Williamsbnrg,  Piscataqois  Co. 

Oxford,  Oxford  Co 

SurrVi  Hancock  Co 

ComtSli.  York  Co 


"West  Water villo,  Kennebec  Co. . 

« 

MABTLAND. 

PalUton,  Harford  Co 

Annapolis,  Anne  Arundel  Co  . . . 

Frederick,  Frederick  Co 

EinuiittKburg,  Frederick  Co 

Woodlawn,  Cecil  Co 

St.  Mary's  City,  St.  Mary's  Co  . . 
Woodstock  College,  Baltimore  Co 

MA8BACHUBETT9. 

Boston,  Suffolk  Co 

Kicbmond,  Berkshire  Co 

West  Newton,  Middlesex  Co. . . 

Newbury,  Essex  Co 

Lunenburg,  Worcester  Co 

Hinsdale,  Berkshire  Co 

Worcester,  Worcester  Co 

Lawrence,  Essex  Co 

Williamstown,  Berkshire  Co. . , 

Topsfield,  Essex  Co 

Mendon,  Worcester  Co 

N.  Billerica,  Middlesex  Co 

Georgetown,  Essex  Co 

Cambridge,  Middlesex  Co 

Kingstown,  Plymouth  Co 

New  Bedford,  Bristol  Co 

A  mherst,  Hampshire  Co 

Milton,  Norfolk  Co 

MICHIGAN. 

Litchfield,  Litchfield  Co 

Otsego,  Allegan  Co 

Ontonagon,  Ontonagon  Co 

Adrian,  Lenawee  Co 

Detroit,  Wayne  Co 

Grand  Rapids,  Kent  Co 

Macon,  Lenawee  Co 

Lansing,  Ingham  Co 

Olivtst,  Eaton  Co 

Kalamazoo,  Kalamascoo  Co 

Pleasanton,  Manistee  Co 

Muskegon,  Muskegon  Co 

Alpena,  Alpena  Co 

Northport,  Leelenaw  Co 

Coldwater,  Branch  Co 

Homestead.  Benzie  Co 

Grand  Rapids,  Kent  Co 

Monroe,  Moni^oe  Co 

Central  Mine,  Keweenaw  Co. . . 

Ben,9ouia,  Bensie  Co 

Ana  Arbor,  Washtenaw  Co ... . 


Name  of  abaeirer. 


Carter.  J.  H. 

Collins,  H.C 

Foster,  Cantain  R.  W. 
Jackson,  KS   


Femald,  C. H... 
Fernald,  M.  C  - . . 
Gartliner,  R.  H . . 
GuptiU,  G.  W  . . . 

Moore,  Asa  P 

^loulton.  J. P  .... 

Parker,  J.  D 

Parker,  J. D  .... 
Pitman,  Edwin... 

Smith,  H.D 

Tripp,  Oscar H... 
W^ost.Silaa. 


Wilbur,  Bei^amin  F 


Curtis,  G.G 

Goodman,  W.  R 

Hansbew,  H.  K 

Jounlan,  Prof.  C  H 
McCormick,  J.  O .  - . 
Stephenson,  Rev,  J. 
Valentine,  A.  X 


Appleton,  F.  H 

Bacon,  W 

Bixby.J.  H 

CaldweU,J.H 

Cunningham,  Geo.  A. 

Dewl)ur»t,  Rev.  E 

Draper,  J.,  M.  D 

Fallon.J 

Hopkins,  Prof.  A 

Merriam,  S.  A 

Metcalf,  J.G.,M.D.  . 

Naaon,  Rev.  E 

Nelson.  S.  Aug 

Perry,  Rev.  Jno.  B  . . . 

Newcomb,  G.  S 

Rodman,  S 

Snell,  Prof.  E.  S 

Teele,  Rev.  A.  K 


•5  ^ 

o 


o     / 

32  30 
30  30 


// 


31 


46  07 
44  53  10 
44    0  55 
43  40 
44 

43  45 

44  31  21 


Bullard,  R 

Chase,  M.,  M.D 

Ellis,  Edwin,  M.  D 

Hclmo,  Miss  L.  May 

Higgius,  F.  W 

Holmes,  Dr.  E.  8 

Howell,D  

Kcdzie  Prof.  R.  C 

Kemp,  Prof.  A.  F 

Mapes,  H.  H 

Millard,  Jos.  D 

Pattison,  H.  A 

Paxton,  J.  M 

Smith,  Rev. G.N 

Southworth,  N.  L 

Steele,  Rev.  G.  N 

Streng,  L.  H ; 

Whelpley,  Miss  F.  B. . . . 

Whittlesey,  S.  H 

Wilson,  \^ 

Winchell,  Mrs.  N.  H.,.. 


45  21 
44  OS 
44  30 

43  33 

44  30 


39  30 

38  58 

39  24 
39  40 
39  38 

38  10 

39  55 


42  20 

43  23 
43  21 
42  45 

42  35 

43  27 
42  16  17 
42  42  13 
42  42  37 
42  38 
42    6 
42  35 
42  42 

42  20 
42 

41  39 

42  22  17 
42  14  37 


§ 


9 
•3 


o     / 

93  45 

90  20 


// 


92  20 


67  49  24 

68  38  57 

69  45  50 

70  44 
70  4 
70  30 

G7  37  34 


69  71 

70  33 

68  30 
70  50 

69  46 


23 
9 


43 


46  53 

41  57 

42  20 
43 


46  36 
44  25* 


45  02 
45  08 


44  33 


41  56 
47 

44  31 

42  16 


76  29 

77  26  30 
77  20 

76  04 
76  30 
76  52     , 


71 

T3  20 
71  17 

70  55 

71  43 


7 

48  13 


73 

71 

71  10  13 

70  12  42 

70  57 

71  33  35 

70  16  30 
71 

71  11 
70  45 

70  56 

72  34  30 

71  6    1 


84  46 


89  30 
83  57 
Si  03 
85  40 


84  94 
86  10* 


83  05 
85  41 


86  30 


83  83 
87  54 
86 
83  41 


Feet 


5     i 


9  *  ^ 


470 
134 


T 
BTR 
BTR 

T 


n 

i 

» 


800 

130 

280 

50 


50 

784 


300 
20 


45 

400 


1,000 
55i 
25 
450 


528 
143 

(km 


40 

60 

90 

2G7 

115 


1,040 


620 
1,240 


780 


968 
'756 


574 
592 


590 
1,177 
690 
640 


BPTR 
UPTR 
TR 
TR 
TR 
TR 
TR 
TR 
TR 
TR 
BTR 
TR 


TR 

BPTR 

BTR 

BPTR 

BTR 

TR 

TR 


T 

TR 

TR 

T 

BTR 

BTR 

BPTR 

BPTR 

BTR 

BPTR 

BTR 

BT 

TR 

T 

TR   ' 

BPTR 

BPTR 

TR 


BTR 
T 

T  ; 

TR 

TR  ; 

T 

TR 

BPTR 

BTR 

>'    I 

TR  I 

BTR, 

BTRI 

TR 

TR 

T 

TR 
TR  I 
TR  I 
T 


15 

U 

U 

li 

li 

I 

4 

I 

U 
IS 

I 

li 

li 


I 

u 
( 

li 
1; 


1 

19 
II 

•  I 

li 
10 
li 
U 
li 
10 
li 
li 
5 
li 
11 
II 
li 
li 


li 
li 
li 

( 
li 
li 

1 

10 

I 

IS 

f 
i 
M 
li 
li 
i 
f 
II 
It 
7 
» 
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of  meteorological  stations  and  observers j  fCyfor  the  year  1870— Coutinued. 


SUtion. 


IDn^ESOTA. 

ihingtou  Co 

),  HeDnepin  Co. 


atoDTran  Co 

nisey  Co 

h  Koaer^^ation,  Bcck- 


(rown  Co.. 
SJeeker  Co 
.Lake  Co.. 

?yCo 

cLeod  Co.. 


Xanie  of  obaerrer. 


fUSiaSIFFI. 

B,  Marshall  Co 

a,  Neaboba  Co 

Springa,  Marshall  Co 

laerdale  Co 

ids  Co , 

haven,  Lawrence  Co. 

liowndes  Co 

lams  Co • 

I,  Lawrence  Co 

aJabnsha  Co 

alabasha  Co 

Jasper  Co 


JOaBOUBL 

Bnchanan  Co 

le, Cass  Co 

ty.  Cole  Co 

St  Louis  Co... 

rg.  Johnson  Co 

tCo 

;  Academy,  Greene  Co 

•It  Co 

kCo 

•  Co , 

r,  Jackson  Co 

efferson  Co 

.  Louis  Co 


MOSTAXJk. 

is8oa]aCo..i 

City,  Deer  Lodge  Co. 

(EBJUfiKA. 


''ashington  Co.. 
UP,  Sarpy  Co.., 

icaster  Co , 

[ills,  Burt  Co.. 
ity,  Otoe  Co  — 


tshington  Co 
3ixonCo.... 


ILUCrSHIBB. 


Carroll  Co 

oos  Co 

Merrimack  Co . . 

lerrimack  Co 

ra,  Hillsboro  Co. 

C009C0 

Joos  Co 

trrimackCo 


:w  jBBSxr. 


mship. Burlington  Co 
1,  Camden  Co 


Babcock,  I)r.&  Mrs.  B.r. 

Cheney,  "Wm 

Mnrpliy.W.W 

Paterfton,  Rev.  A.  B 

Pyle,Dr.D 


Boos,  Chas 

Wadsworth,  H.  L 

WieUnd,  C 

Wooilbury,  C.W.  &,  C.  E. 
Young,  T.M 


AbemcthV,  W.  M 

Bowden,  L.  A 

Coleman,  T.B 

Florer,  T.  W.,  M.  D 

Jackson,  R.  S 

Kcenan,  Miss  W.  £.  A  . 

Lull,  Jas.  S 

McCarv.W 

Moore,  T.B , 

Payne,  John  S  .  

Ringgold,  It.  S.,  M.  D . . . 
Robinson,  Rev.  £.  S  . . . . 


Bnllard,  Rev.  H 

(yhristian,  John 

I)eWyl,N 

Fondlcr,  Aug 

nall,8.K 

Kanchor,  "Wm 

McCord,  R.n 

Martin,  Horace 

Race,  Jas.  A 

Rugglcs,  H 

Salisbury,  S.  AV 

Smith,  John  M 

Stuntcbeck,  Rev.  F.  H  . . 


Reinhard,  J.  P.,  and  J. 

M.  Menesinger. 
Stuart,  Granville 


Bowen,  John  S 

Caldwell.  Mrs.  E.  E 

Goodrich,  G.  A 

Hamilton,  Rev.  TV 

Petti»nger,  J.  M.,  and  P. 
Zahner. 

Scltz.Chas 

Smith,  L.H 


Brewster.  Alfred. 
Brown,  Branch... 
Colby,  AllVod  .... 

Conch,  E.D 

Hnrkn,Rev.W.. 

Kidder,  L.D 

Odell,  F 

Wheeler,  John  T. 


Beans,  Thomas  J 

Boadle,  J.,  and  J.  L.  Lip- 
piucott. 


9 

o 


44  50 
44  48 
44 
44  54  46 

47  50 

44  46 

45  1-2 
47  12 

44  31 

45  10 


35 

32  45 
34  40 
32  25 


?  • 


31  34 
35  30 
31  34 
31  37 
33  45 
33  45 
32 


39  45 


38  20 
38  29 

38  45 

39  58  40 
37  30 

40  20 
37  30 

37  38 
39  5 

38  11 
38  37  28 


46  45 
46  40 


41  22 

41  08 
40  55 

42  10 

40  42 

41  50 
43 


48  48 
44  40 
43  06 
43  23 


44  20 
44  23 
43  12 


39  59 


O      I      II 

93 

93  10 

94  30 
94  4  54 
95 

94  26 
94  45 
96  19 
94  25 
94  20 


90 
89  15 


88  05 


90  40 
m  29 

91  24  42 
90  15 
90 

90 
bo 


94  53 


92 

90  45 
93  40 
95  10 
93  30 
95  30 

93  20 

91  33 

94  40 
90  37 
90  15 


113  45 
112  40 


96  12 

95  46 

96  52 
96 

95  45 

96 

97  20 


71  18 
71  07 
71  35 
71  20 


71  15 
71  6 
71  29 


74  54 


'S 


Feet. 
950 


800 


821 


657 


434 
:»50 


83 


227 
430 


285 


710 
475 
470 


3,900 
4,240 

1,350 


650 

482 
600 
1,100 


1,000 


1,647 
1,225' 
975 


1,000 
730 
500 


700 
550 


c 

s 

CO 


12 

'9? 


TR 

B  V  T  R 

TR 

TR 

T 

TR 
TR 
TR 
TR 
TR 


TR 
TR 
TR 
TR 

BT 
TR 

BT 

BTR 

TR 

TR 

TR 

B  P  T  R 


TR 
TR 
BT 

B  P  T  K 
B 

BPTR 
TR 
TR 
TR 
TR 
BT 
TR 

BPTR 


T 
TR 


T 
TR 
TR 
TR 

T 

TR 
TR 


TR 
TR 
TR 

T 

X 
TR 
BT 

T 


V \ 


TR 
PTB. 


7 
12 
12 
12 

3 

12 
6 
J2 
12 
11 


11 


^4 

R      12 


\ 


5 
7 
6 
1 
11 


6 

9 

12 

12 

1 

12 

1 

6 

I 

12 

11 

12 

12 


3 

12 


3 

12 

2 

12 

12 

11 

8 


12 

12 

12 

4 

12 

12 

2 

4 


12 


70 


METEOROLOGICAL    STATIONS   AND    OBSERVERS. 


List  of  meteorological  atations  and  observers,  <fc.,/or  ike  year  1870 — Continued. 


Station. 


New  Jkbsb  y — Cont'd. 

Patcrson,  Passaic  Co  

South  Orange,  Essex  Co 

Trouton,  Mercer  Co 

NewlieM,  GlonceHter  Co 

Lesjter  Cross  Roads,  Soraerflet  Co 
!New  Bninswick,  Middlesex  Co. . 

Vineland,  Cumberland  Co 

Camden,  Camdou  Co 

NewGermantown,  Huntci-donCo 

Rio  Grande,  Capo  May  Co 

Greenwich,  (.'umborlaud  Co 

Nowai'k;  Essex  Co 

NEW  YORK. 

Ardenia,  Philipstovm, Putnam  Co 

Milo,  Yates  Co 

i^uth  Trenton,  Onoida  Co 

Palermo,  Oswepo  Co 

Minavillo,  Montjjomery  Co 

Lockport,  Niagara  Co 

Fort  Edward,  Washington  Co. . . 

Little  Genesee,  Allegany  Co 

Rochester,  Monroe  Co 

liimnerville,  Schoharie  Co 

Newburgh,  Orange  Co 

Depauville,  Jefferson  Co 

Hudson,  Columbia  Co 

Near  Kingston,  on  the  Hudson, 
Ulster  Co. 

Nichols,  Tioga  Co 

North  Argyle,  Washiuj^ton  Co  . . 
South  Hartford,  Washington  Co. 

Buffalo,  Erie  Co 

Newark  Valley,  Tioga  Co 

New  York,  New  York  Co 

Cooperstown,  Otsego  Co 

Flathush,  Kings  Co 

Brooklyn,  Kings  Co 

Osweco,  Oswego  (>o 

New  York,  New  York  Co 

Rochester,  Monroe  Co 

Brooklyn,  Kings  Co 

Leyden,  Lewis  Co 

FiiVraingdalo,  Queens  Co 

Throg's  Neck,  Westchester  Co. . 

New  York,  New  York  Co 

New  York,  New  York  Co 

Central  Park,  Now  York  Co 

North  Volney,  Oswego  Co 

Sloansville,  Schoharie  Co 

Gouverueur,  St  Lawrence  Co  . . . 
Brookhaven,  Suffolk  Co 

Cazenovia,  Madison  Co 

Oneida,  Mailison  Co 

Caldwell,  Warren  Co 

Luzerne,  Warren  Co 

Vaf*8ar  College,  Poughkeepaie, 
Dutchess  Co. 

Waterbur^h,  Tompkins  Co 

Utioa,  Oueida  Co 

White  Phiins,  Wostchestor  Co. . 

North  Hammond.St.Lawronce  Co 
House ville,  Lewis  Co 

NORTH  CABOUXA. 

States  ville,  Iredell  Co 

Axhe ville,  Buncombe  Co 

( Joldsboro,  Wayne  Co 

Warrenton,  Warren  Co 

Ashrville,  Buncombe  Co 

Oxfonl,  Granville  Co 


Name  of  observer. 


Brooks,  William 

Chandler,  W.J.,1LD. 

Cook,  e.r; 

Couch.  E.D 

Fleming,  J 

Uashrouek,  L  E 

Ingram,  J.,M.  D 

Martindnle.  L  C 

x*>ii,A.B  : 

Palmer,  Mrs.  J.  R 

Sheppard,  Mins  R.  C  - . 
Whitehead,  W.  A 


Arden,  T.  B 

Baker,  G.  D 

Biirrows,  Captain  S 

lUrtlett,KB 

Bussing,  J.  W 

Clark,  B.W 

Cooley,  Prof.  J.  S 

Edwaitls,  D 

Fisko,W.M.L.,  M.D... 

France,  G.  S 

Gardiner,  J.  H 

Haas,  H 

Hachenberg,  G.  P.,  M.  D 
Hendricks,  I).  B 


Howell,  R 

Uunt,G.  W 

Ingalsbe,  G.  M 

Ives,  W 

Johnson,  Rev.  S.  W 

Joy,  Prof.  C.  A 

Koese,  G.  Pomeroy 

Mack,E.T 

MaillcLP 

Malcolm,  W.S 

Marsh,  Mrs.  M.  M 

Matiiews,  H.  W 

Meeker,  J.  S 

Merriam,  C.  C 

Merritt,  John  C 

Morris,  Miss  E 

Morris.  Prof.O.W 

Naval  Hospital 

Observatory 

Partrick,  J;  M 

Potter.  G.W 

Russell,  C.H 

Smith,      £.     A.,     and 
daaghters. 

Soule,  I»rof.  W 

Spooner,  Dr.  S 

Strong,  A-  M 

Strong,  A.  M 

Swallow,  Miss 


Trowbridge,  D , 

Williams,  J.  Gilbert 

Willis,      O.      R.,     and 
daughters. 

Wooster.C.  A 

Y'alo,  Walter  D , 


Allison,  T.P 

Aston,  Edw.  J 

Adams,  Prof.  E.  W  . . . 

Foote,  H.  A 

Hardy,  J.  F.  E.,  ^L  D. 
Hicks,  W.R.,M.D... 


:3 

•^  9 

I- 

!!5 


O       /       // 

40  55 
40  44  25 
40  14 
39  30 


43  43 
39  16 

39  20 

40  45 


40  20  22 

42  30 

43  10 
43  26 
42  54 

9 


15 


43 
43  13 

42  0 

43  8 
42  38 

41  30  53 

44  10 

42  14 

41  50 

42 

43  18 

43  18 

42  50 


4J  43 

42  50 

40  37  17 
40  40 

43  28 
4  J  42 
43    8 


43  32  30 
40  40  40 
40  49  15 
40  50  25 
40  41  38 
40  45  58 


42  41 
44  19 
40  49 

42  55 

43  4 
43  24 


41  40  50 

42  30 

43  10 
41    S 

44  30 
43  40 


35  90 


35  20 

36  15 

35  30 

36  23 


•a 

O  S 


O     0     n 

74  10 


74  46  30 
74  50 


74  45 

74  42 

75  25 
74  10 


73  53  22 


74  56 

77  26 
74  15 
79 

73  42 

78  20 
77  51 


74     1 
76    3 

73  46 

74  2 

76  32 

72  29 

73  21    3 

78  56 


74 

74 
74 
73 
76 
74 
n  51 


5 
54 

1 
56 
30 

1 


33 


8 


75  24 
73  30 
73  48  45 

73  56  30 

74  1 

73  57  58 


74  31 

75  29 
72  36 

75  46 
75  50 
72  46 


42  55  33 

77  15 

74  57 
73  40 

75  41 

75  32 


80  30 


77  51 

78  15 
82  31 
78  14 


Ffft. 
60 


60 
IcV 


30 
35 


s 

ma  • 


TR 
PTR 
BTR 

T 

T 
BPTR 
BPTE 

1     >' 
1  BTR 

I    TU  i 

,BPTR 

BTE 


u 

« 

• 

11 
11 
11 
11 


190 

868  i 

835 

327 


1.500 
525 

1,200 

96 

350 


150 


290 
400 
600 


100 
1,200 

54 
125 
250 

25 
525 


102 

m 

165 
56 
97 


13 

1,260 
500 
300 


800 

518 
273 


TR 

TR 

TR 

TR 

TR 

TR 

BT 
BTR 
BTR 

TR 
BTR 

TR 
PTR 

TR 

T 
BTR  I 
TR  I 
BTR' 
TR  I 
BPTR 
!  TR 
I  BTR 
BPTR 
I  BTR  I 
BPTR 
BPTR: 

K     I 

BTR 

N     I 

T     t 

BPTR 

btr! 

BPTRi 

T     I 

TR 

BTR' 

TK 

BT 

TR 

BPTR 

BPTR 

BTR 

TR 

TR 

T 


102 
2,250 


BTR 
TR 

TR 
TR 
TR 
TR 
BT 
TR 

w 
11 
11 
11 
11 

I 

» 

• 

4 

11 

11 

I 

11 

12 
I 

11 
U 
12 
} 
11 
li 

» 

12 

6 

8 

1 

S 

11 

12 

12 

12 

12 

12 

I 

II 
12 

19 

12 

2 

4 

2 

U 

12 
12 

15 
10 


12 
12 
12 
12 
12 
U 
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List  of  meitorological  stations  and  observers,  tf-c,  for  the  year  1870 — Coutiuued. 


Station. 


KoBTH  Caroun'a— Cont'iL 

Attaway  Hill,  Stanly  Co 

>fear  lUki^jh,  Wako  Co 

Chapel  Hill,  Or:ius«  Co 

KenansvlUe,  Duplin  Co 

OHIO. 

BeUefontaine,  Logan  Co 

^ew  Lisbon,  Columbiana  Co — 

Quaker  Ricljr<>,  Morj^n  Co 

^orfh  yairlield,  Huron  Co 

Bowling  Green,  Wood  Co 

GarabiiT,  Knox  Co 

Bethel,  Clcmiont  Co 

»St<»ubenvilU%  Jefferson  Co 

Little  MonntaiD.  Geauga  Co 

Colk-i;e  Hill,  Haiuilton"('o 

Ciuciiinati,  Hamilton  Co 

^Teatervillo,  Frauklin  Co 

Snrin^tield,  Clark  Co 

OWrlin,  Loraiuo  Co 

"Wooftter,  Wayne  Co  

Kelle.v's  Island,  Erie  Co 

Cleveland.  Cuyahoga  Co 

Edgerton,  Williama  Co 

Oxford,  Butkr  Co 

Rinley,  Huron  Co 

}Iillaboro,  Highlaud  Co 

Carthaceua,  MerciT  Co 

Xortb  bsum  Inland,  Ottawa  Co. . . 

Gilmore,  Tuscarawa.s  Co 

]Marjraretta  Township,  Erie  Co. . 

JackHonbnrg,  Butler  Co 

Cincinnati,  Hamilton  Co 

Salein,  Colnm  biana  Co 

Gallipoli8.  Gallia  Co 

Kenton,  Hartlin  Co 

Adams  Mills,  Muskingum  Co... 

Milneraville,  Guernsey  Co 

'Scvf  Birmingham,  Guernsey  Co. 

Toledo,  Lucas  Co 

Mount  Auburn.  Hamilton  Co... 

Williamsnort,  Pickaway  Co 

Urbana,  Champaign  Co 

Wooator,  Wayno  Co 

OREGON. 

Portland,  Moltnomah  Co 

Eola.  Polk  Co 

Astoria,  Clatsop  Co 

PENNSYLVANIA. 

Pittsbarg,  Alleghany  Co 

Tioea,  Tioga  Co 

Carlisle,  Cumberland  Co 

Plymouth  Meeting,  Montgomery 
Co. 

Ashland,  Schuylkill  Co 

PocojNjon,  Chester  Co ... , 

Dyberry,  Wayno  Co 

H'arri.>iburg,  Dauphin  ('o , 

Kear  Ponnsville,  Clearfield  Co  .. 

Blooming  Gn>ve,  Pike  Co 

Fallsington.  Bucks  Co 

Tainaqna,  Schuylkill  Co 

Uazleton,  Luzerne  Co 

Mount  Joy,  Lancaster  Co 

Ashland,  Schuylkill  Co  , , 

Brownsville,  !•  ayette  Co 

Liewisbarg,  Union  (yO 


Kamo  of  observer. 


Kron,  F.  J 

Murdock,  W.  H... 
Patrick,  Prof.  D.  S. 
Sprunt,  Bev.  J.  M. . 


Barringer,  W 

Benncr,  J.  F.,  and  A\t  R. 
Smiley. 

Biugman,  T.J 

Burras,  O 

Clarke.  J 

Compton,  F.,  and  others 

Crane,  G.  W 

Doyle,  Joseph  B 

Forriss,  E.  J 

Hammitt,  John  W 

Harper,  G.W 

Ha V woo<l.  Prof."  J 

Hachcnberg,  G.  P.,  M.  D. 

Herrick,  L 

Hoover,  W 

Huutingdon,  G.  C 

Hyde,  G.  A 

Knight,  A.  B 

McFarland,  Prof  R.  W. . 

Marsh,  Mrs.  M.  M 

Mathews,  J.  McD 

Muller,  Dr.  R 

Morton,  George  R.,  M.  D. 

Moore,  S.  M 

Neill,  Thomas 

Owsley,  J.  B.,  M.D 

Phillips,  R.C 

PolkK'k,  Rev.  J.E 

Rodgers,  A  lexander  P  . . 

Smitli,  C.  H.,  M.D 

StiUwell,C.A 

Thompson,  Rev.  D 

Thompson,  Rev.  D 

Trembley,  J.  B.,  M.  D. . . 

White,  J.  H 

Wilkinson,  J.  R 

Williams.  Prof.  M.  G. . . . 
Winger,M 


Gilliland,  S.  W.,  &  J.  S. 
Ried. 

Pierce,  Thomas 

Wilson,  Louis 


Albree,  C 

Bentlev,  E.  T  . . . 
Cook,  l)r.  W.  n. 
Corson,  M.  H  . . . 


Curtis,  A 

Darlington,  F 

Day,  Theoaore 

Egle,  Dr.  W.  H 

Fenton,  E 

Grathwohl,  John 

Hance,  E 

Haworth,  J 

Ha  worth,  J 

Hoffer,  J.  R,  M.  D 

Honeyman,  Rov.  W.  E. 

Hubb's,  J.  Allen 

James,  Pro£  C.  S 


o 


// 


35  25 

36  37 

3453' 


40  23 
40  45 

40  30 

41  8 
41  22 
40  20  30 
39 

40  45 

41  3d 
39  19 

G 
4 


39 
40 


41  20 

40  49 

41  35  44 
41  30 

41  32 
39  30 
41 

39  13 

40  28 

41  36 

40  18 

41  27. 
39  30 


40  54 
39 


40    5 
40  10 


41  38 


39  37    4 

40  6 

40  48  47 


45  31  15 

44  57 

46  11  28 


42 
46"  6 


39  54 
41  36 

40  16 
41 

U  30 
40  13 
40  45 


40    8 
40  51 
40 
40  58 


9  • 


^ 


O       I      II 

80 
78  45 


75    3 


83  45 
80  45 

82 

82  40 

83  40 


84 

80  47 

81  16 

70  14  45 
84  29 
83 


81  15 

81  55 

82  42  32 
80  40 

83  45 

84  46 
82  30 


84  33 
82  41  53 

81  18 

82  46 
84  17 


81 
82 


82 
81  45 


83  30 


83    7  30 
83  43 
81  55  37 


122  26    6 

123  05 
123  49  32 


77 


75  37 

75  19 

76  15 
78  40 
75 

74  48 
76 


76  32 
76  20 
60 
76  58 


•a 


Feet. 
850 
385 


40 


1,169 
961 

555 
660 
700 
1,000 
555 


600 
800 


800 
872 
587 


831 
9.^ 
965 


1,180 
1,152" 


950 
600 
543 
900 


1,000 


1,015 
872 


45 

500 
52 


1,000 


218 


1,400 


30 

700 

1,800 


1,005 


a 
o 

a 


«0 

a 


a  o) 
2  > 

"A 


TR 

R 

T 
BT 


TR 
B  P  T  R 

TR 

TR 

TR 
BPTR 

TR 

BTR 

BPTR 

TR 

BTR 

BPTR 

BPTR 

TR 

TR 
BTR 
BTR 

TR 
BPTR 
BPTR 
BPTR 
BPTR 


T 
BPTR 

TR 
BTR 

TR 

TR 

TR 
PTR 

TR 

TR 

BTR 

BPTR 

TR 
BTR 

TR 


BPTR 

TR 
BPTR 


TR 

TR 

BTR 

BPTR 

T 

TR 

TR 

BTR 

BTR 

TR 

BTR 

T 

T 

BT 

TR 

TR 

BPTR 


J 


12 
1 
5 
5 


6 
3 

8 
12 
10 
11 
12 
12 
12 
12 
10 
IS 

5 

11 
2 

12 
12 

3 
13 

5 
12 

4 
12 

5 
12 
12 
12 
12 

8 
12 

7 

4 

8 

6 
13 

6 
12 

6 


11 

13 
6 


10 
13 
12 
12 

8 

12 

8 

7 

13 

11 

13 

10 

1 

8 

5 

13 

12 
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List  of  meteorological  etatione  and  ohscrrerej  j'Cjfor  the  year  1870 — Contioned. 


Station. 


Pennsylvania— Cont'd. 

WhitebaU.  Lehljfh  Co 

Philadelphia,  Philadelphia  Co 

Newcastle,  Lawrence  Co 

Westchester,  Chester  Co 

Gerroantown,  Philadelphia  Co 
Williamsport,  Lycorainff  Co . . 
PhUadelphia,  Philadelphia  Co 

Johnstown,  Camhria  Co 

Reading,  Berks  Co 

Grcencastle,  Franklin  Co 

Ahingtou,  Luzerne  Co 

Cannonshnrs,  Washington  Co. 
Mooroland,  Montgomery  Co. .. 

Ephrata,  Lancaster  Co 

Salem,  Wayne  Co 

ConnellsviUe,  Fayette  Co 

Beaver,  Beaver  Co 

Fhuiklin,  Venango  Co 

Gcrmantown,  Philadelphia  Co. 
Foontain  Dale,  Adams  Co  . . . . 

BHODB  ISLAND. 


Newport,  Newport  Co. 
Newport,  Newport  Co. 


SOUTH  CAROLINA. 

Aiken,  Barnwell  Co 

Evercreen,  Anderson  Co 

Blufiton,  Beauibrt  Co 

Gowdeysville,  Union  Co 

Fort  Hill,  York  Co 

tXnnessbb. 

Lookont  Mountain  Educational 
Institute,  Hamilton  Co. 

Austin,  Wilson  Co 

Greene ville,  Greene  Co 

Lagrange,  Fayette  Co 

Memphis,  Shelby  Co 

Trenton,  Gibson  Co 

Elizabethtown,  Carter  Co 

Knoxville,  Knox  Co 

Clarksville,  Montgomery  Co  . . . 
McMinn ville,  Warren  Co 

TEXAS. 

Clarksville.  Red  River  Co 

Houst4)n,  Harris  Co 

Palestine,  Anderson  Co 

Bremond,  Robertson  Co 

Bluff  P.  O.,  Favette  Co 

Near  Gilmer,  t'pshur  Co 

Blue  Branch,  Burleson  Co 

Lavaca,  Calhoun  Co 

San  Antonio,  Bexar  Co 

Oakland,  Texas  Co 

Austin,  Travis  Co 

Blue  Branch,  Burleson  Co 

Sand  Fly,  Burleson  Co 

Clinton,  De  Witt  Co 

Lockhart,  CaldwcU  Co 

UTAH. 

Coalville,  Summit  Co 

St.  George,  Washington  Co 

Harrisburg,  Washington  Co  . . . 
Salt  Lake  City,  Salt  Lake  Co. . . 


Name  of  observer. 


Kohler,  E...: 

Kirkpatrick,  J.  A 

McConnell,  E.  M 

Martin,  Dr.  George  — 

Meehan.  T 

Moyer,  H.  C 

Naval  Hospital 

Peelor.D  

Baser,  J.  HeyK 

Rhode,  S.  W 

Sisson,  R 

Smith,  Dr.  Wm 

Spencer,  Miss  Anna  . . 

Spera,  W.  H 

Stocker,  J.  D 

Taylor,  John , 

Taylor,  Rev.  R.  T 

Toinian,  Rev.  M.  A 

Turner  E.,  C.  E 

Walker,  S.C 


53 

e 


g  • 


Barber,  W.  A . . . . 
Crandell,Wm.  H. 


O       I       II 

40  44 

39  57 

40 

39  57  31 


o     / 

75  28 
7.'>  11 
80  12 
75  36 


// 


41  19 
39  56 


40  20 

39  45 

41  30 

40  16  41 
40 

40  12 

41  30 
40 

40  43 

41  24 


39  44 


Cornish,  Rev.  J.  H 

Earle,  E.  S 

Guerard.  S.  St.  J.,  M.  D 

Potty.  Chas 

Springs,  R.  A.,  jr 


Bancroft,  Rev.  C.  F.  P. . 


Calhoun,  P.  B 

Doak.  S.  S.  &  W.  S. 
Franklin.  W.  E  . . . 

Gold.smith.  E 

Gripsby,  Wm.  T . . . 

Lewis,  C.  H 

Pavue,  Prof.  J.  K  . . 
Stewart,  Prof.  W  . . 
Wright,  T.P 


Anderson.  Rev.  J. 

Baxter,  MiHsE 

Brooks,  N.  S 

Combs,  B 

Fietsam.  J 

Glasco,  J.  M 

Goode,  W.  H 

Ileaton,  L.  D 

Petterscn,  F 

Simpson,  F 

Van  No.strand,  J.. 

Wade,  F.  S 

Wa<le,  F.S 

White.Dr.  A.  C  .. 
Woodrtiff,  L 


Bullock,  T.... 
Johnson,  C  ... 
I^wis,  James . 
Phelps,  W.  W. 


41  28  22 
41  28  22 


33  32 

34  30 
32  10 
34  50 
35 


35 


36    5 
35    7 

35  8 
36 

36  25 
36 

36  29 
35  42 


33  40 

29  50 
31  40 


30 


3§ 

32  46 
30  27 

28  .30 

29  28 

29  65 

30  29 
30  25 


29 


40 
37  11 


40  45 


81  30 
75  10 


75  57 
77  30 
75  45 
80  10 

75  11 

76  15 
75  30 

79  36 

80  23 
79  51 


77  18 


71  21  14 
71  21  14 


81  34 

82  50 
81 

81  36 
81 


81    5 


82  :a 

89  15  25 

90 
89 

82  15 
84 

87  13 
85  57 


95  30 
95  35 


97 
94  51 

97  26 
90  40 

98  24 
96 

97  46 
97  26 


97  37 


111 
114 


U3 


565 


600 


2,200 


462 
262 


1,500 
900 
481 

1,000 


5) 
4^ 


18) 

9ri0 

GOO 

17 

564 


FeeL 

450 
60 


460 


533 

36 

1,200 


650 


850 
250 


650 
GOO 


5.600 


980 
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8t  of  meteorological  stations  and  ohsencrSf  ^c,  for  the  year  1870— Continued. 


Station. 


VKBMONT. 

Lddison  Co 

Orleans  Co; 

rg,  Ehbcx  Co 

;k,  Windsor  Co 

»y,  Orleans  Co 

i/Oranco  Co 

ry,  AouisoQ  Co 

•y,  Orleans  Co 

,  RatlandCo 

,  Chittenden  Co 

YIBOIKIA. 

HiU,  Isle  of  Wight  Co. 

Tairfax  Co 

Je,  Wythe  Co 

D,  Rockbridge  Co 

,  Angusta  Co 

m  Township,  Fairfax  Co 

lome,  Surry  Co 

«viUe,  Fauquier  Co 

ichburg,  Bedford  Co  . . . 
insontown,  Northamp- 

Norfolk  Co 

rkham  Station,    Fan- 

o. 

ington,  Rockbridge  Co. 

,  Elizabeth  City  Co. . . . 

S  Pulaski  Co.... 

I  Hill,  King  George  Co. 
rfax  C.  H.,  Fairfax  Co. 

Imont,  Fauquier  Co 

•'oirfax  Co 

INOTON  TBBBITORT. 

t,  Waukiakum  Co 

Island    Light-House, 

Co. 

a\A,  Walla-Walla  Co. . . 
shington,  King  Co 

WEST  VIBOCnA. 

Hampshire  Co 

Lewis  Co 

Cabell  Co 

wiscoxsm. 

18,  "Waupaca  Co 

tn,  Columbia  Co 

Dane  Co 

Sheboygan  Co 

on,  Juneau  Co 

,  Outagamie  Co 

JO,  M  il waukeo  Co 

>c.  Manitowoc  Co 

."Waupaca  Co 

I,  Shelwygau  Co 

Marathon  Co 

itv,  Monroe  Co*. 

,  kockCo 

..  Waushara  Co 

Bayfield  Co 

Sauk  Co 

l.WalNishCo 

Bay,  Door  Co 


Name  of  observer. 


Barto,  D.  C.  and  M.  E  .. 

Currier,  J.  M 

Cutting,  H.  A 

Doten,  II.,  &  L.  A.  Miller. 


Kennedy,  J.  C 
Paine,  C.S.... 
Sheldon,  H.  A 

Wild,  Rev.  E.P 

Williams.  Rev.  R.  Cr 
Wing,  Minerva E... 


Binford.R 

Bowman,  J.  B.  and  G.  A. 
Brown,  Rev.  James  A  . . 

Campbell,  Prof.  J.  L 

Covell,  J.  C 

Gilliugham.  C 

Jones,  B.  W 

Martin,  W.  A 

Meriwether,  C.  I 

Moore,  C.  R 


Naval  Hospital 
Payne,  L.  E  — 


RuiRier,  W.  H 

Sherman,  J.  M 

Stalnaker,  J.  W.,  M.  D 

Tayloe,  E.T 

Thrift,  MisaL.R 

Williams,  F 

Williams,  H.C 


McCall,  C 

Sampson,  Alex.  M 


Simmons,  A  H 

Whit  worth,  Mr.  and  Mrs. 
J.  K 


McDowell,  "W.  H 
Owen,  Benjamin . 
Itoffo,  C.L 


Breed,  E.E 

Curtis.  W.  W 

Danlells,  Prof.  W^  W. 

Do  Lyser,  John 

Dungan,  J.  L 

Foyc.  Prof.  J.  C 

Lapham,  I.  A.,  LL.  D 

Liips,  Jacob 

Mead,  H.C 

Moeller,  G 

O'Douoghoo,  J 

Pejiler,  llev.  G 

Shiutz,  H.J 

Siiaulding.  J 

Tate,  Andrew 

Waite,  M.  C 

Whiting,  W.H 

Wright,  R.M 


O      / 

44 

44  53 
44  28 
43  36 


// 


43  55 

43  59 

44  40 


36  50 
38  53  39 
36  55 


38  8 
38  40 

37  10 

38  50 
37  18 
37  23 

36  25 
39 


37 
37 
37 


4 

5 


38  53  39 
38  50 
38  53 


46  15 


46    5 
47 


39 
38  30 


44  51 
43  20 
43  5 
43  36 
43  45 
44 
43 
44 


10 
3 
7 

44  20 
43  44 
45 

43  45 
42  30 
44 


13  27    1 


45 


s  • 

o  © 

r 


o     / 

74 
72  20 

71  41 

72  35 


// 


73  36 
73  10 
72  30 


76  50 

77  11 
81    4 


78  46 
77  15 
76  46 
78 

79  19 

75  46 

76  25 

78 

79  22 
76  20 
80 


77  21 
78 
77  12 


123  30 


118  52 


82  16 


88  37  30 

89  19 
89  24 

87  54 
90 

88  35 

87  56  10 

87  45 

89  11 

88  7 

89  30 
91  40 
89 

89  20 


89  45    1 


87  30 


'S 


Feet 


7ri0 

1,124 

698 


650 

398 

1,100 


100 
400 
2.400 


1,261 
150 


800 
40 

25 


1,000 
5 

i,eoo 

60 
500 
900 
400 


45 
930 


GOO 


1,  068 
670 


800 
604 
6:)8 
900 


750 

700 

1,700 

1,200 


920 
600 
647 


T 
T 

BP 
T 
T 
T 

BP 
T 


R 

R 

TR 

R 

R 

R 

TR 

R 


BPTR 
TR 


TR 

TR 

BTR 

BTR 

BPTRI 

BTR 

TR 

TR 

T 
BTR 

BTR 
TR 

TR 
TR 
TR 
TR 
TR 
TR 
BPTR 


T 
TR 

TR 
T 


T 

T 

TR 


TR 

TR 

BPTRI 

T 

T 

BT 

BPTR 

BTR 

T 

BTR 

TR 

TR 

TR 

R 

T 

TR 

TR 

TR 


OB 
P  © 

c  > 


12 
11 
12 
12 

1 
12 

G 
12 
12 
13 


7 

5 
13 

3 
13 

8 
11 
12 
12 
12 

13 
3 

8 
13 

6 
13 

7 
13 
13 


7 
11 

1 

7 


3 

6 

7 


11 

12 

12 

11 

6 

5 

12 

12 

1 

3 

12 

8 

12 

7 

12 

12 

12 

11 


DEATHS  OP  OBSEBVEBS. 


H.  A.  Sheldon,  Middlobury,  Vermont. 

O.  Moeller,  Plymouth,  Wisconsin,  March  14, 1870. 
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COLLEGES  AND  OTHER  INSTITUTION^  FROM  WHICH  METEOROLOfilCAL 
RtlGlSTKRH  WERE  RECEIVED  DURING  THE  YEAR  187U,  INCLUDED  L\ 
THE  PRECEDING  LIST. 


Nova  Scotia 

Alabama 

Califoruia 

Connecticut 

Georgia 

IlliuoU 

Indiana 

Iowa 

Kansas 

Maryland 

Masaachnsctts . . 

Michigan 

MisHissippi 

Mi8iH)uri 

Now  llaiupshiro 
New  Yorlk 


North  Carolina 
Ohio 


Pennsylvania 
Tennessee  . . . 

TexHs 

Vermont 

Virginia 

Wisconsin . . . 


A<^dia  Collopo 

Greene  Snrings  School 

Pacific  MethodiHt  College 

WcBleyan  University 

Mercer  University 

Lombard  University 

NorthwcHtern  University 

City  Hospital 

Cornell  College 

Iowa  State  University 

Agricultural  College 

StAte  University 

Mount  St.  Mary 's  College 

Woodst^K-k  College 

Amherst  College 

State  Lunatic  Hospital 

Williams  College 

Agricultural  College 

Olivet  College 

MisHisHippi  College 

St.  LouiH  University 

St.  P^iul's  School 

Columbia  College 

Erasmus  Hall  Academy 

Oneida  Conference  Seminary 

Rutgers  Female  College 

Vassar  College  

Webster  Institute 

Stato  University 

Kenyon  College 

Miami  University 

Mount  Auburn  Vonng  Ladies'  Institute  . 

Otterbein  University 

Theological  S«.»niinary 

Urbana  University 

Woodward  High  School 

Beaver  St'minnry 

Jefferson  College 

Lewisburg  University 

East  Tennessee  University 

Lookout  Mountain  Educational  Institute 

Stewart  College 

Tusculum  College 

Institution  for  Deaf  and  Dumb 

Normal  School 

Washington  College 

Institution  for  Deaf,  Dumb  and  Blind... 

Lawrence  University 

State  University 


Wolf^-me. 
Havana. 
Vacaville. 
MiddletowB. 
Peufield. 
Galesburg. 
EvauKtoD. 
.Indianapolis. 
Mount  Vernon. 
Iowa  City. 
Manhattiin. 
Lawrence. 
EmmittJtbnnr. 
Baltimore  Coontj. 
Amherst 
Worcester. 
WilliamstoTm. 
Lansing. 
Olivet. 
Clinton. 
St.  Louis. 
Conconi. 
New  York. 
Flatbnsh. 
Cazenovia. 
New  York. 
Poughkeepsie. 
Kenans  viile. 
Chapel  Hill. 
Gambier. 
Oxford. 
Mount  Anbom. 
We-Hterville. 
Carthagena. 
Urbana. 
Cincinnati 
lieaver. 
Canonsbarg. 
Lewisbnrg. 
Knoxvillc. 
Hamilton  County. 
Clarksnlle. 
Gn*eneville. 
Austin. 
Castleton. 
Lexington. 
Staunton. 
Apple  ton. 
Madison. 
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ceteobological  material  recer'lid  in  addition  to  the  regu- 
lar observations. 

Anderson^  Beiij. — Meteorological  observations  taken  during  a  journey 
f  exploration  to  the  interior,  from  Monrovia,  Liberia,  during  the  year 
868. 

Barnes^  J>r.  O.  W. — Summary  of  meteorological  observations  at  Grass 
Talley,  California,  during  the  months  of  June,  July,  August,  Septem- 
ber, and  October,  1870. 

BarrcetOj  San  Louis  Potosij  Mexico. — Thermometrical  curves  (centi- 
jade)  during  the  first  half  of  April,  1870. 

Bentorij  Rev.  A.  A. — Meteorological  register  kept  at  Kanea,  Crete,  by 
lev.  Mr.  Benton,  missionary  of  the  Protestant  Episcopal  Board,  during 
he  years  1843  and  1844,  (part.) 

Beremltj  Dr.  H. — Newspaper  cuttings  on  the  climate  of  Belize,  British 
londuras. 

Board  of  Commissioners,  Central  Parle,  New  YorJc. — Thirteenth  annual 
«port,  contains  general  meteorological  observations  for  1869,  and  de- 
«ription  of  observatory. 

Boardman,  0.  A, — Notes  on  the  storm  of  October  4th  and  5th,  1869, 
it  Milltown,  Maine. 

Boerner,  C.  0. — Paths  of  meteors  observed  during  the  auroral  dis- 
)lay  of  October  24, 1870. 

Bruhns,  Br,  C. — Meteorologische  Beobachtungen,  angestellt  auf  der 
[jeipziger UniversitJits  Stemwarte  im  Jahre  1868.    18vo,  30 pages,  1  Table. 

Bullock,  T, — Summary  of  temperature  observations  at  Coalville,  Utah, 
br  the  year  1869. 

Carpenter,  P.  P.,  Montreal,  Canada. — Account  of  aurora  observed 
luring  September,  1870,  at  Montreal,  by  Thomas  McGinn,  (newspaper 
ilip.) 

Cazalis,  Br.  F. — "Le  messager  agricole,"  Montpellier,  France,  Decem- 
)er,  1867,  containing  meteorological  observations*  made  at  Montpellier, 
[)epartement  de  Herault. 

Cockburn,  R. — ^Notes  on  British  Honduras,  (containing  meteorological 
•ecords  for  Belize,  rain-fall  from  1862  to  1868  inclusive.) 

Crocker,  Allen,  Burlington,  Kansas. — ^Diagram  and  description  of  re- 
narkable  halo  seen  February  5, 1870. 

Curtis,  A. — Meteorological  summary  for  1869  at  Ashland,  Schuylkill 
County,  Pennsylvania. 

Baguin,  M. — R^sum6  des  observations  meteorologiques  faites  k  I'ob- 
jervatoire  de  Toulouse  pendant  Tannic  1867-'68,  par  M.  Daguin.  8vo, 
11  pages;  1868-'69,  8vo,  4  pages. 

Daniels,  Wm. — Eecord  of  weather  during  the  month  of  July,  1870,  at 
Peru,  Miami  County,  Indiana. 

Dee^n,  D. — Diagram  of  thermometrical  and  barometrical  curves,  and 
snow  and  rain -fall,  for  February,  1869,  at  Knightstown,  Indiana.  The 
aame  for  November,  1869,  at  Mount  Hope,  Indiana. 
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JDoddj  Professor  0.  M. — ^Record  of  anemometer  (Robinson's)  at  the 
Indiana  State  University,  during  November,  1869. 

Dudley^  T. — Account  of  halo  seen  at  Decatur,  Illinois,  February  5, 
1870. 

Ewing,  C.  G. — ^Meteorological  observations  at  San  Francisco,  Cali- 
fornia, during  part  of  the  year  1870.  (Newspaper  slips  from  Daily  Alta 
California.) 

Foster,  Captain  E.  W. — ^Notes  made  on  a  passage  through  the  Straita 
of  Magellan,  in  the  steamship  City  of  Pittsburgh,  in  the  year  1852. 

Foster,  Capt  B.  TF.,  New  Orleans. — Journal  of  the  voyage  of  the  steam- 
ship Alabama  from  New  Orleans  to  Vera  Cruz  in  December,  1850. 

FrencJiy  J.  B.y  Agent. — Rain  and  snow  fall  record  kept  by  the  W.  L 
C.  &  W.  Manufacturing  Company  at  Laconia,  Bristol,  and  other  places 
in  New  Hampshire,  during  1870. 

Oesellschaft  IsiSy  Meissen. — Zusammenstelhmg  der  Monats-  und  Jahres- 
mittel  aus  den  zu  Meissen  im  Jahre  18G9. 

Oovernment  of  Victoria^  Australia. — Discussion  of  the  meteorological 
and  magnetical  observations  made  at  the  Flagstaff  Observatory,  Mel- 
bourne, during  the  years  1858-'63,  by  Geo.  Keumayer,  Ph.  D.  Mann- 
heim, 1867.    4to,  202  pages. 

Oreen,  H.  A. — Record  of  weather  at  Atco,  New  Jersey,  during  1870. 

Record  of  thermometer  at  Atco,  New  Jersey,  during  November  and 
December,  1869. 

Haidinger,  W.  Bitter  von. — Ueber  das  Regenbogen-Phanomen  am  28. 
Juli,  1861.    8vo,  6  pages. 

On  the  phenomena  of  light,  heat,  and  §ound  accompanying  the  fall 
of  meteorites.  By  W.  Ritter  von  Haidinger.  (From  Proc.  R.  S., 
No.  107, 1868.)    8vo,  6  pages. 

Howlandj  X.,  United  States  Consul. — Meteorological  observations  for 
the  month  of  May,  1870,  at  the  University  of  Valencia.    (Printed  slip.) 

JameSy  J.  W. — Sumjnary  of  observations  at  Marengo,  Illinois,  during 
1870. 

Jelineky  Dr.  C. — Ueber  den  jahrlichen  Gangder  Temperatur  zu  Klagen- 
furt,  Triest,  und  Arvavalalja     Yon  Dr.  C.  Jelinek.    8vo,  39  pages. 

Ueber  die  tagliche  und  jahrliche  Periode  der  relativen  Feuchtigkeit 
in  Wien.    Von  Hans  Wittek.    8vo,  13  pages,  2  Tables. 

Ueber  die  jahrliche  Vertheilung  der  Gewittertage,  nach  den  Beobach- 
tungen  an  den  meteorologischen  Stationen  in  Oesterreich  und  Ungam. 
Von  Dr.  0.  Jelinek.    8vo,  9  pages. 

Jewell,  J.  Orey,  M.  D.,  United  States  Consul  Singapore. — Meteorological 
observations  at  Singapore,  British  East  Indies,  during  the  months  of 
May,  June,  July,  August,  September,  October,  November,  and  Decem- 
ber, 1869.    By  H.  Q.  Randell,  colonial  surgeon. 

K.  K.  Centralanstalt  fur  Meteorologie  und  Erdmagnetismus. — ^Beobach- 
tungen  an  der  K.  K.  Centralanstalt  fiir  Meteorologie  und  Erdmagnetis- 
mus. 
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K,  K.  Sternwarte  in  Krdkau, — Mittlere  Temperatur  zu  Krakaa,  nach 
40-jalirigeii  Beobachtungen,  1826-1865.  Von  Dr.  F.  Karlinski.  4to,  14 
pages,  1  diagram. 

K.  K.  Sternwarte^  Pra{/. — Magnetische  uud  meteorologische  Beobach- 
tungen auf  dor  K.  K.  Sternwarte  zu  Prag,  im  Jahre  1869.  4to,  170 
pages. 

Knappj  Geo.  C. — Meteorological  register  from  January  to  April,  1869, 
at  Billis,  Asia. 

KaninkUjk  Nederlandsch  Meteorologisch  Inslituut — Nederlandsch  mete- 
orologisch  Jaarboek  voor  1869.    Oblong  4to,  262  pages. 

LandeVj  Sam%  President  Davenport  Female  College. — Meteorological 
observations  taken  at  the  Davenport  Female  College,  Lenoir,  North 
Carolina. 

Latham^  Dr.  H.  L. — ^Notes  on  the  climate  of  Laramie  Plains,  Wyo- 
ming Territory. 

Le  Messager  Agricole.  Revue  des  associations  et  des  intSrets  agricoles  du 
midi.  Puhliesous  la  direction  de  M.  le  Dr.  F.  Cazalis. — Contains  monthly 
meteorological  tables  made  at  L'ficole  Normale  de  Montpellier,  departe- 
ment  de  Herault,  France. 

Loomis^  Professor  E. — Comparison  of  the  mean  daily  range  of  the 
magnetic  declinations  with  the  number  of  auroras  observed  each  year, 
and  the  extent  of  the  black  spots  on  the  surface  of  the  sun.  By  Elias 
Loomis,  Yale  College.    8vo,  19  pages. 

Macgregorj  C.  «/.,  M.  A. — On  the  climatology  of  Stratford,  Ontario. 
Svo,  4  pages. 

Magnetic  Observatory,  Toronto. — ^Monthly  meteorological  registers, 
(printed.) 

Mapes,  H.  H. — Monthly  manuscript  notes  on  the  weather  at  Oshtemo, 
Kalamazoo,  and  other  points  in  Michigan. 

Merriam,  C.  L. — Meteorological  comparisons  from  records  kept  at 
Locust  Grove,  Leyden,  Lewis  County,  New  York. . 

MeteorologiscJie  Centralanstalt,  Zurich. — Schweizerische  meteorologi- 
sche Beobachtungen. 

Meteorological  Institute  of  Norway. — Ndrske  meteorologisk  Aarbog, 

1868,  2den  Aargang.    Christiania,  1869.    Oblong  4to,  213  pages. 
Meteorological  Office,  London. — Report  of  the  meteorological  commit- 
tee of  the  Royal  Society  for  the  year  ending  31st  December,  1869.    8vo, 
58  pages. 

Weather  reports  from  July  1,  1868,  to  June  30,  1870.  3  volumes, 
folio;  6  parts  unbound. 

Quarterly  weather  report  of  the  Meteorological  Office,  with  pressure 
and  temperature  tables,  for  the  year  1869.    Part  I,  January  to  March, 

1869.  4to,  73  pages,  36  plates. 

Meteorological  Office,  Calcutta. — Report  of  the  meteorological  reporter 
to  the  government  of  Bengal.  Meteorological  abstract  for  the  year 
1869.  By  H.  F.  Blandford,  meteorological  reporter.  Large  Svo,  108 
pages. 
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Meteorological  Society,  London. — Proceedings. 

Miller^  Rev.  Jos.  N. — ^Tlie  true  direction  and  velocity  of  tbe  \niid  ob- 
served from  sbips  while  sailing.     By  Rev.  J.  N.  Miller.    8vo,  18  pages. 

Morris^  Professor  0.  W. — Diagram  of  temperature,  humidity,  sind 
barometer,  at  Cooper  Union,  New  York,  during  the  month  of  June, 
1870.    Also  summary  of  meteorological  observations  for  1868. 

Moss^  G.  B. — Monthly  manuscript  8umm«aries  of  meteorological  obser- 
vations at  Belvidere,  Illinois. 

Newspaper  slips  relating  to  the  meteorology  of  Northern  Illinois. 

MuUcTj  Dr.  E. — Detailed  descriptions  of  various  meteorological  phe- 
nomena observed  at  the  Theological  Seminary,  Carthageua,  Ohio. 
(Appendices  to. regular  monthly  reports.) 

Naturforschende  Gesellschaft  in  Emden. — Das  Gesetz  der  Winde,  ab-  ' 
geleitet  aus  dem  Auftreten  derselben  uDer  Nordwest-Europa.    Yon  Dr. 
M.  A.  F.  Prestel.    Mit  einer  Karte.    4to,  26  pages. 

Kelson,  S.  A. — ^Newspaper  cuttings  in  reference  to  certain  storms  in 
Massachusetts  in  the  year  1870. 

Neicton,  E.  E. — Eange  of  thermometer  at  Mount  Carmel,  Covington 
County,  Mississippi,  latitude  31°  34',  longitude  90^  20'  15'',  during  the 
months  of  January  and  February,  1870. 

NorsJce  Metcorohgiske  Institutet. — Temperature  de  la  mer  entre 
I'lrlande,  I'ficosse  et  la  Norvege,  par  H.  Mohn,  directeur  de  Tlnstitut 
M6t6orologique  de  Norvege.    Christiania,  1870.    8vo,  16  pages,  5  charts. 

Observatoire  ImpMale,  Paris. — Atlas  m^t^orologique  de  TObserva- 
toire  Imp6riale,  ann6e  1867.    Large  4to. 

Observatorio  Marina  de  San  Fernando. — Anales,  secciou  o  observa- 
ciones  meteorolqjicas,  1870.    4to,  32  pages. 

Observatoire  Meteorologique  Central  de  Montsouris. — Bulletins. 

Observatoire  Boyale  de  Bruxelles, — ^Annales  m^t^orologiques,  1869. 
4to,  96  pages. 

Paine,  Dr.  H.  M.,  Albany,  New  York, — ^Newspaper  slips  giving  accounts 
of  meteorological  phenomena. 

Parvin,  Professor  T.  S. — ^Meteorological  observations  for  the  year 
1869.    (Printed  slips.) 

Peelor,  D. — Records  kept  by  self-registering  barometer  at  Johnstown, 
Cambria  County,  Pennsylvania.  Also  various  notes  on  meteorological 
phenomena,  newspaper  slips,  &c. 

Pettersen,  F. — Record  of  weather  during  the  years  1868, 1860,  and  1870, 
at  San  Antonio,  Texas. 

Plantamour,  Professor  E. — R<5sumd  m6t(iorologique  do  PanniSe  1868, 
pour  Genfeve  et  le  Grand  St.  Bernard.    G6n^ve,  1868.    8vo,  359  pages. 

Prestel,  Dr. — Der  Sturmwamer  und  Wetteranzeiger,  ein  nach  wissen- 
schaftlichen  Grundstitzen  ausgefuhrtes  und  durch  Beobachtungen  und 
Erfahrung  bewahrtes  Instrument  zu  Yorherbestimmung  von  Sturm  und 
Wetter.    Von  Dr.  M.  A.  F.  Prestel.    8vo,  55  pages,  2  Tables. 

R.  Accadeinia  delle  Scienze  di  Torino, — ^BoUetino  meteorologico  ed 
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astronomico  del  Eegio  Osservatorio  delP  IJDiversitd,  di  Torino.    Anno 
IV.    1869.    Oblong  4to,  43  pages. 

Radcliffe  Ohscrvatory.-^JlesuMs  of  astronomical  and  meteorological 
observations,  18G7.    Oxford,  1870.    8vo,  340  pages. 

Rikatcheff^  M, — Marcbe  diume  de  la  temperature  a  Barnaul  et  a 
Nertcbiusk ;  par  M.  Eikatclieff*.    4to,  23  pages. 

Rivett-CarnaCj  H, — The  state  of  the  weather  and  prospects  of  the  cot- 
ton crop  in  the  Central  Provinces  and  the  Beracs.  Keported  to  the 
secretary  of  the  Chamber  of  Commerce,  Bombay,  by  Harry  Eivett-Car- 
nac,  esq.,  cotton  commissioner.    Large  8vo,  15  pages.    August,  1870. 

SaiclhiSj  J,  G. — Monthly  tables  of  meteorological  elements,  deduced 
&om  observations  taken  at  the  observatory,  Georgetown,  Demerara, 
British  Guiana,  during  eleyen  years,  commencing  January,  1846.    By  , 
Patrick  Sandeman,  observer.    Small  4to,  275  pages. 

Sawyer,  B,,  United  States  Consul. — Meteorologicjfl  observations  at 
Paramaribo  during  the  year  1869.    (Newspaper  slip.) 

Scottish  Meteorological  Society. — Journal  of  the  Scottish  Meteorological 
Society. 

Sheppard,  Smiley.-^Monthly  manuscript  reports  of  the  weather  at 
Hennepin,  Illinois. 

Simmons,  A.  M. — ^Photograph  showing  effect  of  southwest  wind  in 
January,  at  Walla- Walla,  Washington  Territory,  in  the  valley  of  the 
Upper  Columbia. 

Simoninj  J.  B. — Meteorologie  et  climat  du  department  de  la  Muerthe, 
par  J.  B.  Simonin,  pfere.    Nancy,  1862.    8vo,  38  pages. 

Stanley,  J.  H.  S. — Monthly  manuscript  reports  of  weather  at  Houston, 
Texas. 

Stewart,  Professor  W.  M. — Account  of  storm  at  Nashville,  Tennessee, 
1870. 

Strong,  A.  M. — ^Kegister  of  meteorological  observations  at  Magnolia, 
Florida,  for  April,  1870. 

Weather  record  kept  at  St.  Augustine  and  Jacksonville,  Florida, 
(luringthe  months  of  December,  1869,  and  January,  February,  and  March, 
1870,  by  A.  M.  Strong  and  Judge  EUwood,  of  Iowa.  Barometer  record  at 
Magnolia  by  Mr.  Trott. 

Taylor,  Horace. — Weather- table  observations  taken  at  Canandaigua, 
New  York,  during  the  year  1869. 

Trembley,  Br.  J.  B. — Annual  meteorological  synopsis  for  1869,  at 
Toledo,  Ohio.    8vo,  18  pages. 

Universita  di  Torino. — Bolletino  meteorologico  ed  astronomico  del 
Regio  Osservatorio  dell'  University  di  Torino.  Anno  IV.  1869.  Ob- 
long 4to,  85  pages.    Anno  III.    1868.    Oblong  4to,  20  pages. 

UniversitatS'Sternwarte,  Leipsic. — Uebersicht  der  Besultate  aus  den 
meteorologischen  Beobachtungen,  angestellt  auf  den  koniglich-sachsi- 
schen  Stationen.    4to,  42  pages. 
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University  of  Chile. — Observaciones  meteorolojicas,  hechas  en  d  ob- 
servatorio  meteorolqjica  de  Santiago,  i  ea  el  Faro  de  Valparaiso,  en 
el  ano  de  1866.  Por  .  Jos6  Vergara.  8vo,  63  pages.  1867.  8vo,  62 
pages.    1868.    8vo,  60  pages. 

Datos  recajidos  sobre  el  terremoto  i  las  gyitaciones  del  mar,  del 
13  de  Agosto  de  1868.  Comunicacioa  de  D.  Ignacio  Domeykoala 
faculdad  de  ciencias  fisicas  i  matematicas  en  su  sesion  del  15  de  Novi- 
embre  del  mismo  aiio.    Santiago,  1869.    Large  8vo,  43  pages. 

Useful  Knowledge  Society^  Macclesfield. — ^Meteorological  observations 
t^ken  at  the  Useful  Knowledge  Society  rooms,  Macclesfield,  England. 
(Printed  slips  from  1860-'69,  inclusive.) 

Videnskabsselshabet,  Christiania. — Storm-Atlas,  ndgivet  med  Bestand 
af  Yidenskabsselskabet,  Christiania,  af  H.  Mohn.    Large  folio. 

Webste^'j  W.  Hrentissy  United  States  Consul  Oeneral^  Frankfurt  an 
Main. — ^Notes  on  ^earthquake  felt  in  Germany  dnring  the  months  of 
October  and  November,  1869.    (Through  the  Department  of  State.) 

Whitcomh^  O. — Meteorological  report  for  1869,  by  Adam  Miller,  at 
East  Prairie,  Mississippi  County,  Missouri. 

WilliamSy  Rev.  B.  0. — Hourly  observations  of  barometer,  psychrome- 
ter,  and  thermometer,  together  with  observations  on  magnetic  variation. 
(In  addition  to  regular  monthly  observations  on  Smithsonian  blanks.) 

Wilson,  L. — Summary  of  meteorological  observations  at  Astoria, 
Oregon,  for  the  years  1866-'70.  Eain-fall  from  1856-'70,  inclusive. 
Monthly  means. 

Wing,  Miss  M.  E. — Manuscript  notes  on  the  weather  and  meteorolog- 
ical phenomena  at  West  Charlotte,  Vermont. 

Wislizenus,  Br.  A. — Meteorological  observations  at  St.  Louis,  Mi» 
souri,  during  November  and  December,  1869  5  together  with  the  records 
.  of  atmospheric  electricity,  &c.,  from  1861-'69,  inclusive. 

Zantedeschi,  Professor  F. — La  meteorologia  del  globo  studiata  a  diversi 
altitudini  da  terra.    8vo,  11  pages. 

Zentralnaia  Fisiclmkaia  Observatoria,  St.  Petersburg. — Repertorium  fiir 
Meteorologie,  herausgegeben  von  der  K.  Akademie  der  Wissenschaften; 
redigirt  von  Dr.  H.  Wild.    Band  I,  Heft  I.    4to,  242  pages,  5  plates. 

Vorschlage  betreftend  die  Eeorganisation  des  meteorologischen  Beo- 
bachtungs-Systemes  in  Eussland.  Bericht  einer  Commission  der  Aka- 
demie.   8vo,  24  pages. 


REPORT  OF  THE  EXECUTIVE  COMMITTEE. 


The  Execntive  Committee  of  the  Board  of  Regents  respectfully  sub- 
mit the  following  statement  as  their  report  in  relation  to  the  funds  of 
the  Institution,  the  receipts  and  expenditures  for  the  year  1870,  and  the 
estimates  for  the  year  1871. 

Statement  of  the  fund  at  the  beginning  of  the  year  1871. 

The  amount  originally  received  as  the  bequest  of  James 

Smithson,  of  England,  deposited  in  the  Treasury  of  the 
United  States,  in  accordance  with  act  of  Congress  of 

August  10, 1 846 $515, 169  00 

The  residuary  legacy  of  Smithson  received  in  1865,  depos- 
ited in  the  Treasury  of  the  United  States,  in  accordance 
with  the  act  of  Congress  of  February  8, 1867 26, 210  63 

Total  bequest  of  Smithson 541, 379  63 

Amount  deposited  in  tj^e  Treasury  of  the  United  States, 
as  authorized  by  act  of  Congress  of  February  8, 1867, 
derived  from  savings  of  income  and  increase  in  value 
of  investments 108, 620  37 

Total  permanent  Smithson  fund  in  the  Treasury  of  the 
United  States,  bearing  interest  at  6  per  cent.,  payable 
semi-annually  in  gold 650, 000  00 

In  addition  to  the  above  there  remains  of  the  extra  fund 
derived  from  savings,  &c.,  in  Virginia  State  registered 
6  per  o>ent.  bonds,  at  par  value,  $72,760,  now  valued  at-      48, 000  00 

Total  investments 698,000  00 

Balance  on  hand  January-,  1871,  of  uninvested  funds 21, 477  81 

Total  of  the  Smithson  fund,  January,  1871 719, 477  81 

Receipts  for  1870. 

Interest  for  1870  on  $650, 000,  at  6  per  cent,  in  gold $39, 000  00 

Premium  on  $39, 000  gold,  at  llf  and  lOf  per  cent 4, 363  12 

Cash  from  a  friend  of  science,  in  aid  of  publications 1, 200  00 

Sale  of  publications .  360  52 

Sale  of  useless  materials 64  87 

Repayment  of  expenses  of  explorations 68  40 

Repayment  of  freight  and  postage * 432  47 

Total  receipts  for  the  year 45,489  38 

6s 
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Expenditures  for  1870. 

Building  and  furniture $4,843  13 

General  expenses 14, 840  65 

Publications  and  researches 15, 873  22 

Museum  and  exchanges 9, 424  22 

Total  expenditures  for  the  year 44,981 

Balance 508 

Besides  this  balance  of  $508  16,  there  was  a  balance  of 
$20,969  65  in  bank,  at  the  beginning  of  1870,  which 
makes  the  total  uninvested  and  available  balance  men- 
tioned in  the  general  statement  of $21, 47' 


In  addition  to  the  receipts  mentioned  above,  the  Institution  rece 
from  and  accounted  to  the  Interior  Department  for  $5,024,  being 
of  the  $10, 000  appropriated  by  Congress  for  the  preservation  and 
during  the  year  ending  June  30, 1871,  of  the  specimens  collectec 
various  exploring  expeditions.  This  sum  is  nht  included  in  the  acc< 
of  expenditures. 

Statement  in  detail  of  expenditures — ^1870. 

BUILDING. 

For  reconstruction  of  parts  of  building ....        $860  12 

For  general  repairs  of  building 3, 852  81 

For   furniture    and    fixtures,    cases,    carpets, 
stoves,  &c 130  20 

$4,84 

GENERAL  EXPENSES. 

For  meetings  of  the  Board  of  Eegeut« $178  25 

For  lighting  the  building 355  42 

For  warming  the  building 1, 566  22 

For  postage 770  98 

For  stationery 829  19 

For  printing  blanks,  circulars,  receipts,  &c. . . .  389  13 
For   tools,  materials   for   cleaning   and  inci- 
dentals   478  16 

For  salaries  of  Secretary,  clerks,  and  assist- 
ants   10,273  30 

14,84 
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PUBLICATIONS  AND   BESEABCHES. 

Por  publisbing  Smithsonian  contaibntions,  4to.  $6, 986  57 

For  publisbing  miscellaneons  collections,  8vo. .  3, 065  37 

For  publishing  Smithsonian  reports,  Svo 283  45 

For  meteorology,  salaries  of  clerk  and  compu- 
ters, and  for  thermometers  and  rain-gauges. .  3, 119  00 

For  apparatus  for  researches 249  70 

For  explorations,  natural  history,  and  arch- 
aeology    1, 414  13 

Lectures 755  00 

$15,873  22 

MUSEUM  AND  EXCHANGES. 

For  literary  and  scientific  exchanges,  through 
agencies  at  Leipsic,  London,  Paris,  Amster- 
dam, &c $4,165  62 

For  museum,  salary  of  assistant  secretary  and 

assistants  in  museum,  and  for  incidentals  in 

addition  to  the  appropriation  from  Congress.      5, 008  84 

For  purchase  of  books,  periodicals,  &c 249, 76 

9, 424  22 

Expenditures  during  1870 44, 981  22 

Estimated  receipts  for  1871. 

From  interest  on  Smithson  fund,  in  Treasury  of  the  United 
States - $39, 000  00 

Probable  premium  on  gold,  10  per  cent,  on  the  above 
$39,000 3, 900  00 

Sale  of  books,  &c 1, 000  00 

Total 43, 900  00 

Estimated  appropriations  for  1871. 

For  general  expenses $10, 000  00 

For  publications,  researches,  &c 20, 000  00 

For  exchanges 5,  000  00 

For  purchase  of  books  and  apparatus 2, 400  00 

For  museum,  (additional  to  congressional  appropriation)  . .      1, 500  00 
For  steam  heating-apparatus  fund 5, 000  00 

Total 43,900  00 

Besides  the  above  estimated  receipts,  there  is  in  bank,  as  before 
stated  in  the  general  account,  the  sum  of  $21,477  81. 
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The  committee  have  examined  six  hundred  and  twenty-one  receipted 
vouchers  for  payments  made  during  the  four  quarters  of  the  year  1870. 
In  every  case  the  approval  of  the  Secretary  of  the  Institution  is  given 
on  each  voucher,  and  the  certificate  of  an  authorized  agent  of  the  Insti- 
tution is  appended,  setting  forth  that  the  materials  and  property  and 
services  rendered  were  for  the  Institution,  and  to  be  applied  to  the  par 
poses  stated  in  the  account. 

The  quarterly  accounts- current,  bank-book,  check-bqok  and  ledger 
were  also  examined  and  found  to  be  correct,  showing  a  cash  balance  Id 
bank  on  January  1, 1871,  of  $21,477  81. 

All  of  which  is  respectfully  submitted. 

PETER  PAEKER, 

JOHN  MACLEAN, 

Executive  Commiitet. 
January  26, 1871. 


JOUENAL  OF  PEOCBBDINGS 

OF 

TI^E    BOARD    OF    REGENTS 

OF  THE 

SMITHSONIAN  INSTITUTION. 


Washington,  May  23, 1870. 
leeting  of  the  Board  of  Eegents  was  held  this  evening,  at  the  call 
Secretary.    Present:  Hon.  L.  P.  Poland, Hon.  L.  Trumbull,  Hon. 
Qarfield,  Hon.  S.  S.  Cox,  General  Delafield,  Hon.  Peter  Parker, 
[)r.  J.  Maclean,  and  Professor  Henry,  the  Secretary. 
the  absence  of  the  Chancellor,  Judge  Poland  was  called  to  the 

Secretary  presented  the  report  of  the  expenditures  on  account  of 
)vernment  collections  for  the  year  1869;  and,  on  motion  of  General 
Id,  it  was  resolved  that  the  Board  of  Eegents  apply  to  Congress 

appropriation  of  $10,000  for  the  care  of  the  Government  collec- 
luring  the  year  1870. 

fessor  Henry  stated  that  the  resolution  of  the  board  adopted  at 
eeting  of  February  3, 1870,  authorizing  him  to  visit  Europe,  had 
(litirely  unexpected  to  him,  as  he  had  received  no  intimation  pre* 
to  its  being  offered  that  it  was  in  contemplation ;  that  he  had  con- 
L  to  avail  himself  of  the  resolution,  and  that  he  was  making  prepa- 
B  for  his  departure  on  the  1st  of  June ;  that  he  intended  to  make 
cements  for  the  operations  of  the  Institution  which  were  to  be 
1  on  during  his  absence )  that  he  intended  to  settle  all  the  accounts 

would  be  due  at  the  time  of  his  departure ;  to  deposit  checks  for 
laries  accruing  during  his  absence,  to  be  paid  on  the  indorsement 
fessor  Baird ;  and  also  to  deposit  to  the  credit  of  that  officer  $2,000, 

transportation  and  incidental  expenses ;  that  he  had  been  much 
ed  with  the  expressions  of  kind  feeling  which  had  been  called 
by  the  announcement  of  his  intended  visit  to  Europe,  and  the 
which  he  had  received  from  the  Cunard  and  Bremen  lines  of 
srs  of  a  free  passage  across  the  ocean, 
board  then  adjourned. 

Washington,  January  18, 1871. 
ccordance  with  a  resolution  of  the  Board  of  Begents  of  the  Smith 
Institution,  fbdng  the  time  of  the  beginning  of  tlieit  «bTim\i\  m^V 
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WASHINGTON,  March  9,  187L 

A  meeting  of  the  Board  of  Begents  was  held  this  evening  at  7  o'clock. 
Present :  Hon.  H.  Hamlin,  Hon.  L.  P.  Poland,  Hon.  S.  S.  Cox,  Hon.  P. 
P€u*ker,  General  W.  T.  Sherman,  and  the  Secretary,  Professor  Houy. 

Judge  Poland  was  called  to,  the  chair. 

The  minutes  of  the  last  meeting  were  read  and  approved. 

The  Secretary  stated  that  by  joint  resolution  of  Congress,  Genera 
William  T.  Sherman  had  been  elected  a  Regent  for  the  term  of  six 
years,  vice  Bichard  Delafield,  resigned. 

On  motion  of  Mr.  Hamlin,  the  vacancy  existing  in  the  executive  com- 
mittee was  filled  by  the  election  of  General  Sherman. 

l^e  Secretary  called  attention  to  the  fact  that  the  mayor  of  the  dty 
of  Washington  was  ex  officio  a  Begent,  but  that  under  the  new  territo- 
rial government  the  office  of  mayor  ceased,  and  suggested  the  propriety 
of  action  by  Congress  to  substitute  the  governor  of  the  Territory  as 
the  ex  officio  member  of  the  board. 

Messrs.  Hamlin  and  Poland  expressed  their  intention  to  bring  the  sub- 
ject before  Congress  immediately,  and  anticipated  no  objection  to  the 
passage  of  an  act  providing  for  the  change  contemplated. 

The  Secretary  gave  an  account  of  the  improvements  now  being  made 
in  the  building  under  the  appropriation  by  Congress.  The  new  hall 
would  soon  be  finished,  and  it  was  proposed  to  devote  it  mainly  to  etii- 
nology.  Mr.  B.  Waterhouse  Hawkins  had  been  employed  to  prepare 
illustrations  of  extinct  animals,  &c.,  to  decorate  the  walls. 

The  Secretary  called  attention  to  the  books  belonging  to  James  Smith- 
son,  the  founder  of  the  Institution,  and  requested  some  action  in  rela- 
tion to  the  best  manner  of  their  preservation.  It  was  thought  proper 
to  preserve  them  in  a  metallic  case  with  plate-glass  front,  open  to  the 
view  of  the  public,  but  not  to  be  taken  out  by  any  one. 

The  Secretary  presented  his  annual  report  for  1870,  which  was  read 
and  accepted. 

The  board  then  adjourned  sitie  die. 


GENERAL    APPENDIX 


TO  TBB 


SMITHSONIAN  REPORT  FOR  1870. 


The  object  of  this  Appendix  is  to  illustrate  the  operations  of  the  In- 
stitution by  reports  of  lectures  and  extracts  from  correspondence,  as 
well  as  to  furnish  information  of  a  character  suited  especially  to  the 
meteorological  observers  and  other  persons  interested  in  the  promotion 
of  knowledge. 


EVIOGT  09  PROF.  ALEXAlfDEB  DALLAS  BACHE, 

LATE  SUPERINTENDENT  OF  THE  UNITED  STATES  COAST  SURVEY. 


By  Prop.  Joseph  Henrt. 


PrtjMred  a$  <Ae  request  of  the  Board  of  Begente  of  the  Smithsonian  Institution,  and  also  of 

the  National  Academy  of  Sciences, 

Ai^BXANDEB  Dallas  Bache,  whose  life  and  character  form  the  sub- 
ject of  the  followiDfiT  eulogy,  was  the  son  of  Bichard  Bache,  one  of  eight 
children  of  Sarah,  the  only  daughter  of  Dr.  Benjamin  Franklin.  His 
mother  was  Sophia  Burret  Dallas,  daughter  of  Alexander  J.  Dallas,  and 
sister  of  George  M.  Dallas,  whose  names  are  well  known  in  the  history 
oiTthis  country,  the  former  as  Secretary  of  the  Treasury,  and  the  latter 
as  Vice-President  of  the  United  States,  and  subsequently  as  minister  to 
the  Court  of  St.  James. 

The  subject  of  our  sketch  was  born  in  Philadelphia,  on  the  19th  of 
July,  1806.  At  an  early  age  he  became  a  pupil  of  a  classical  school, 
and  was  distinguished  by  an  unusual  aptitude  in  the  acquisition  of 
learning.  Shortly  before  arriving  at  the  age  of  fifteen  he  was  ap- 
pointed a  cadet  at  the  National  Military  Academy  at  West  Point. 
Here,  though  the  youngest  pupil,  he  soon  attained  a  high  grade  of 
scholarship,  which  he  maintained  during  the  whole  of  his  course,  and 
was  finally  graduated  in  1825,  at  the  head  of  his  class.  His  merit 
was  in  this  case  the  more  conspicuous,  inasmuch  as  the  class  is 
shown  to  have  been  one  of  unusual  ability,  by  having  numbered  no 
less  than  four  successful  candidates  for  the  honor  of  adoption  into 
the  Corps  of  Engineers.  It  has  been  mentioned  as  a  solitary  in- 
stance in  the  history  of  the  Academy,  noted  for  its  rigid  discipline, 
that  young  Bache  passed  through  the  entire  course  of  four  years  with- 
out having  received  a  mark  of  actual  demerit,  and,  what  is  perhaps  not 
less  uncommon,  without  having  called  forth  the  least  manifestation  of 
envy  on  the  part  of  his  fellow-pupils.  On  the  contrary,  his  superiority 
in  scholarship  was  finely  acknowledged  by  every  member  of  his  class, 
while  his  unassuming  manner,  friendly  demeanor,  and  fidelity  to  duty 
secured  him  the  affection  as  well  as  the  respect  of  not  only  his  fellow- 
pupils,  but  also  of  the  officers  of  the  institution.  It  is  also  remembered 
that  his  classmates,  with  instinctive  deference  to  his  scrupulous  sense 
of  propriety,  forbore  to  solicit  his  participation  in  an}'^  amusement  which 
in  the  slightest  degree  conflicted  with  the  rules  of  the  Academy.  So 
&r  from  this,  they  commended  his  course,  and  took  pride  to  themselves, 
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as  members  of  his  class,  in  his  repatation  for  high  standing  and  exem- 
plary conduct.    His  room-mate,  older  by  several  years  than  he  was,  and 
by  no  means  noted  for  regularity  or  studious  habits,  constituted  himsell^ 
as  it  were,  his  guardian,  and  sedulously  excluded  all  visitors  or  other 
interruptions  to  study  during  the  prescribed  hours.     For  this  self- 
imposed  service,  gravely  rendered  as  essential  to  the  honor  of  the  class, 
he  was  accustomed  jocularly  to  claim  immunity  for  his  own  delin- 
quencies or  shortcomings.      But  whatever  protection  others  might 
require  on  account  of  youth  and  inexperience,  young  Bache  needed  no 
guardian  to  keep  him  in  the  line  of  duty.    Impressed  beyond  his  years 
with  a  sense  of  the  responsibility  which  would  devolve  upon  him  as  the 
eldest  of  his  mother's  family,  entertaining  a  grave  appreciation  of  the 
obligations  involved  in  his  education  at  the  Nation^  Academy,  he 
resolved  from  the  first  to  exert  his  energies  to  the  utmost  in  qualifying 
himself  for  the  duties  which  he  might  be  called  upon  to  discharge, 
whether  in  professional  or  private  life.    Kor  was  he  uninfluenced  in  this 
determination  by  a  consciousness  that  as  a  descendant  of  Franklin  he 
was,  in  a  certain  degree,  an  object  of  popular  interest,  and  that  on  this 
account  something  more  than  an  ordinary  responsibility  rested  upon 
him.    On  a  mind  constituted  like  his  an  influence  of  this  kind  conld 
not  but  exert  a  happy  effect. 

The  character  which  he  established  for  gentleness  of  manner  and 
evenness  of  temper  was  not  entirely  the  result  of  native  amiability,  for 
when  a  child  he  is  said  to  have  been  quick-tempered,  and  at  later 
periods  of  his  life,  when  suddenly  provoked  beyond  his  habitual  power 
of  endurance,  he  sometimes  gave  way  to  manifestations  of  temper  which 
might  have  surprised  those  who  only  knew  him  in  his  nsual  state  of 
calm  deportment.  These  ebullitions  were,  however,  of  rare  occurrence, 
and  always  of  short  duration.  His  marked  characteristic  was  the  con- 
trol which  he  had  acquired  over  his  passions  and  feelings,  and  it  was 
this  which  enabled  him  to  suppress  all  tendency  to  self-indulgence,  to 
pursue  with  unremitting  perseverance  the  course  he  had  marked  out,  to 
observe  an  undeviating  regard  for  truth  and  justice,  and  'to  cherish 
habitually  all  that  would  tend  to  exemplify  the  kindlier  afifections  of  the 
heart. 

Although  young  Bache  w^as  perhaps  predisposed,  from  hereditary 
inflnence,  to  form  correct  habits  and  adopt  high  moral  principles,  yet 
these  dispositions  might  have  remained  dormant  had  it  not  been  for  the 
early  training  and  the  watchful  care  of  his  noble  mother.  From  his 
earliest  days  she  checked  with  gentle  reproof  every  indication  of  child- 
ish revolt  against  wholesome  resbaint,  and  steadily  carried  out  b^*  sys- 
tem of  discipline  so  gently  and  yet  so  eflfectually  that  it  met  with 
scarcely  any  opposition,  and  left  the  conviction  that  she  was  always  in 
the  right.  Her  maternal  solicitude  did  not  end  with  his  being  placed 
under  military  rule,  but  was  continued  through  his  whole  course  by 
means  of  a  ready  pen.    In  the  language  of  one  who  was  permitted  to 
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read  her  letters  to  her  son  while  at  West  Point,  "  nothing  could  be  more 
admirable  than  the  way  in  which,  amid  pleasant  gossip  and  family 
news,  she  would  inspire  her  son  with  high  sentiments  and  encourage  him 
to  persevering  industry." 

As  an  illustration  of  his  persistency  of  purpose,  it  is  related  that,  when 
a  recitation  of  more  than  common  length  or  difficulty  was  to  be  prepared 
for  the  morrow,  it  was  no  unusual  practice  of  his  to  place  himself  on  a 
seat  of  unstable  equilibrium,  which  by  giving  way  when  volition  was 
about  to  lose  its  power  recalled  his  flagging  attention  to  the  allotted 
task. 

After  graduating  he  was  selected,  on  account  of  his  scholarship,  to 
remain  at  the  Academy  as  an  assistant  professor.  In  this  position, 
which  gave  him  an  opportunity  to  review  his  studies  and  extend  his 
reading,  he  continued  one  year;  when,  at  his  own  request,  he  was 
assigned  to  engineering  duty  under  the  late  General,  then  Colonel,  Tot- 
ten,  at  Newport,  Ehode  Island.  Here  he  remained  two  years,  engaged 
in  constructing  fortifications,  devoting  his  extra  hours  to  the  study  of 
physics  and  chemistry,  and,  as  a  recreation,  collecting  and  labeling  the 
shells  of  that  region.  But  the  most  important  event  of  this  period  of 
his  life,  and  that  which,  doubtless,  contributed  in  a  large  degree  to  his 
future  success,  was  his  becoming  acquainted  with  and  subsequent 
betrothal  to  Miss  Kancy  Clarke  Fowler,  the  daughter  of  an  old  and 
highly-respected  citizen  of  Newport.  With  the  stinted  pay  of  a  lieu- 
tenant of  engineers,  out  of  which  his  mother  and  her  younger  ofbpring 
were  to  be  provided  for,  marriage  was  not  to  be  thought  of,  excepting  as 
an  event  in  the  remote  distance.  Fortunately  as  unexpectedly,  bow- 
ever,  a  change  now  took  place  in  his  circumstances  which  enabled  him 
to  gratify  the  earnest  wish  of  his  heart  and  to  secure  to  himself  a  com- 
panion and  helpmate  who  lavished  upon  him  all  her  affections,  and 
through  his  life  ardently  devoted  all  her  thoughts  and  energies  to  sus- 
tain, assist,  and  encourage  him.  The  change  alluded  to,  and  which 
opened  to  him  an  uninterrupted  career  of  usefulness  during  the  whole 
of  his  active  life,  was  the  result  of  an  invitation  to  the  chair  of  natural 
philosophy  and  chemistry  in  the  University  of  Pennsylvania,  at  Phila- 
delphia. He  accepted  the  position  with  that  unaffected  diffidence  which 
is  the  usual  concomitant  of  true  but  untried  merit,  though,  as  might 
have  been  anticipated,  his  eventual  success  was  commensurate  with  the 
industry  and  ability  which  had  marked  his  previous  progress.  Hav- 
ing already  had  some  experience  as  a  teacher,  he  the  more  readily  gained 
the  entire  confidence  of  the  authorities  of  the  university  and  the  affec- 
tion of  his  pupils.  He  did  not.  however,  rest  satisfied  with  the  occu- 
pation of  teacher,  or  with  merely  imparting  knowledge  obtained  by 
the  labors  of  others,  but  sought  to  enlarge  the  bounds  of  scie^pe  by 
discoveries  of  his  own.  As  auxiliary  to  this,  he  became  a  membec  of 
the  Franklin  Institute,  a  society  then  newly  established  for  the  promo- 
tion of  the  mechanical  arts.    This  society,  which  still  maintains  a  vig- 
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orous  existence,  was  well  calcalated  to  exhibit  his  talents  and  deTdcp 
his  character.    It  brought  him  into  intimate  association  with  the  prin- 
cipal manufacturers,  engineers,  and  artisans  of  the  city,  and  into 
relations  of  friendship  with  a  large  number  of  young  men  destined,  in 
more  advanced  life,  to  exert  an  extended  influence  on  public  affain. 
He  wa«  appointed  chairman  of  one  of  the  most  important  of  its  com- 
mittees, and  was  chosen  as  the  ex]>ounder  of  the  principles  of  the  iusti- 
tute  at  its  public  exhibitions.    Facilities  were  thus  afforded  him  for  the 
prosecution  of  science,  which  he  could  not  have  well  commanded  in  any 
other  position.    Workshops  were  thrown  open  to  him,  and  skillful  haods 
yielded  him  ready  assistance  in  realizing  the  conceptions  of  his  sogge8^ 
ive  mind.    His  descent  from  the  illustrious  statesman  and  philosopher 
whose  name  the  institute  bears,  and  who  is  almost  regarded  as  the  tute- 
lar saint  of  Philadelphia,  no  doubt  contributed  to  a  prepossession  in  his 
favor,  but  the  influence  which  he  acquired  and  maintained  was  doe  to 
his  own  learning,  industry,  ability,  and  courtesy.    To  these  he  owed  the 
favor  and  distinction  of  having  conferred  upon  him  the  principal  direct- 
orship of  the  scientific  investigations  of  the  institute,  and  the  opporto- 
nity  which  it  afforded  him  of  so  greatly  contributing  to  the  usefulness 
of  the  society  and  to  the  advancement  of  his  own  reputation. 

For  a  full  account  of  the  labors  in  which  he  was  engaged  in  his  con- 
nection with  the  Franklin  Institute  we  must  here  be  content  with  refer- 
ring to  the  volumes  of  its  journal  from  1828  to  1835  inclusive.    We  may 
pause  a  moment,  however,  to  notice  the  investigations  relating  to  the 
bursting  of  steam-boilers,  of  which  tie  was  the  principal  director.    The 
public  mind  had,  at  that  epoch,  been  so  frequently  and  painfully  called 
to  this  subject  that  the  institute  was  induced  to  organize  a  series  ot 
systematic  researches  in  regard  to  it,  the  importance  of  which  was  soon 
recognized  by  the  General  Government  in  the  form  of  an  appropriation 
for  defraying  the  attendant  expenses.    In  the  prosecution  of  these 
inquiries  a  large  amount  of  information  relative  to  explosions,  and  sug- 
gestions as  to  their  causes,  was  first  collected  by  correspondence,  and  on 
this  was  based  a  series  of  well-devised  experiments,  which  were  exe- 
cuted with  signal  address,  and  the  results  interpreted  with  logical  dis- 
crimination.   The  conclusions  arrived  at  were  embodied  in  a  series  of 
propositions,  which,  after  a  lapse  of  more  than  thirty  years,  have  not 
been  superseded  by  any  others  of  more  practical  value.    The  most  fre- 
quent cause  of  explosion  was  found  to  be  the  gradual  heating  of  the 
boiler  beyond  its  power  of  resistance ;  and  next  to  this,  the  sudden  gen- 
eration of  steam  by  allowing  the  water  to  become  too  low,  and  its  sub- 
sequent contact  with  the  overheated  metal  of  the  sides  and  other 
portions  of  the  boiler.    The  generation  of  gas  from  the  decomposition 
of  water  as  a  cause  of  explosion  was  disproved,  as  was  also  the  disper- 
sion of  water  in  the  form  of  spi*ay  through  superheated  steam.    These 
experiments  were  not  unattended  with  danger,  and  required,  in  their 
execution,  no  small  amount  of  personal  courage.    Accidents  were  immi* 
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nent  at  almost  every  stage  of  the  inveHtigation ;  and  in  some  instances 
explosions  were  produced  which  alarmed  the  neighborhood.  So  true 
is  it  that  in  the  pursuit  of  science  dangers  are  oftentimes  voluntarily 
encountered,  exactingno  less  courage  or  firmness  of  nerve  than  that  which 
animates  the  warrior  in  the  more  conspicuous  but  scarcely  more  import- 
ant conflicts  of  the  battle-field. 

'  The  attention  of  Mr.  Bacbe  at  this  period  was  not  exclusively  devoted 
to  his  labors  in  connection  with  the  Franklin  Institute.  He  was  also  a 
member  of  the  American  Philosophical  Society,  and,  as  such,  in  associ- 
ation with  Hare,  Espy,  and  others  interested  in  the  pursuit  of  various 
branches  of  physics  and  chemistry.  He  erected  an  observatory  in  the 
yard  of  his  dwelling,  in  which,  with  the  aid  of  his  wife  and  of  his  for- 
mer pupil,  John  F.  Fraser,  he  determined  with  accuracy,  for  the  first 
time  in  this  country,  the  periods  of  the  daily  variations  of  the  magnetic 
needle,  and  by  another  series  of  observations  the  connection  of  the  fit- 
ful variations  of  the  direction  of  the  magnetic  force  with  the  appear- 
ance of  the  aurora  borealis. 

Again,  in  connection  with  his  friend,  Mr.  Espy,  he  made  a  minute 
survey  of  a  portion  of  the  track  of  a  tornado,  which  visited  New  Bruns- 
wick, in  New  Jersey,  on  the  19th  of  June,  1835,  and  from  the  change  of 
place  and  relative  position  of  the  trees  and  other  objects,  as  left  by  the 
wind,  he  succeeded  in  establishing  the  fact,  in  accordance  with  the 
hypotheses  of  Mr.  Espy,  that  the  eft'ects  of  the  storm  were  due  to  an 
ascending  and  progressive  column  of  air,  by  which  all  objects  within 
the  influence  of  the  disturbance,  on  either  side  the  track,  were  drawn 
inward,  and  not  due,  as  had  been  supposed,  to  a  horizontal  rotation  at 
the  surface,  which  would  tend  to  throw  them  outward  by  centrifugal 
projection.  In  cooperation  with  Professor  Courtenay,  he  also  made  a 
series  of  determinations  of  the  magnetic  dip  at  various  places  in  the 
United  States.  Indeed,  terrestrial  magnetism  was  with  him  a  favorite 
subject,  to  which  he  continuejd  to  make  valuable  contributions  at  inter- 
vals during  his  whole  life.  The  phenomena  of  heat  likewise  engaged 
much  of  his  attention,  and  he  was  the  first  to  show,  contrary  to  gener- 
ally-received opinion,  that  the  radiation  and  consequent  absorption  of 
dark  heat  is  not  affected  by  color.  His  investigations  in  this  line  were 
suddenly  brought  to  a  close  by  an  accident,  which  we  may  be  allowed 
to  mention  a«  furnishing  an  illustration  of  his  self-control  and  consid- 
erate regard  for  the  feelings  of  others.  After  an  expenditure  of  money 
which  he  could  ill  afford,  and  of  time  withdrawn  from  the  hours  due  to 
repose,  he  had  procured  and  arranged  on  a  stand  a  series  of  delicate 
instniments  intended  for  a  long-meditated  experiment  on  radiant  heat. 
During  his  temporary  absence  his  mother,  in  hurriedly  passing  through 
^he  apartment,  accidentally  caught  in  her  dress  the  support  of  the 
apparatus  and  brought  the  whole  to  the  floor,  a  mass  of  mingled  frag- 
ments. The  author  of  this  disaster  was  so  painfully  affected  by  the 
destruction,  of  which  she  had  been  the  unintentional  cause,  as  to  be 
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with  which  it  aboands.  The  accounts  which  are  given  of  the  different 
schools  of  Europe  are  founded  on  personal  inspection ;  the  results  bong 
noted  down  at  the  time  with  the  writer's  habitual  regard  to  aocnraey. 

After  completing  his  report  he  was  prepared  to  commence  the  organ- 
ization of  the  Girard  College,  but  the  trustees,  partly  on  account  <rf  Uw 
unfinished  condition  of  the  building,  and  partly  from  a  delay  in  the  ad- 
justment of  the  funds  of  the  endowment,  were  not  disposed  to  put  tbe 
institution  into  immediate  operation.  Tn  the  mean  time  Professor 
Bache,  desirous  of  rendering  the  information  he  had  acquired  of 
immediate  practical  use,  offered  his  services  gratuitously  to  the  mnni- 
cipal  authorities  of  Philadelphia,  to  organize,  on  an  improved  basis,  a 
system  of  public  education  for  that  city.  This  offer  was  gladly  accepted, 
and  he  commenced  the  work  with  his  usual  energy  and  with  the  cordial 
support  of  the  directors  and  teachers  of  the  common  schools.  At  the 
end  of  the  year,  finding  that  the  trustees  of  the  college  were  still  unpre^ 
pared  to  open  the  institution,  he  relinquished  the  salary,  but  retained 
the  office  of  president,  and  devoted  his  time  mainly  to  the  organization 
of  the  schools.  He  was  now,  however,  induced  to  accept  from  the  city, 
as  the  sole  and  necessary  means  of  his  support,  a  salary  much  less  than 
the  one  he  had  relinquished.  The  result  of  his  labors  in  regard  to  the 
schools  was  the  establishment  of  the  best  system  of  combined  free  ednca- 
tion  which  had,  at  that  time,  been  adopted  in  this  country.  It  has  since 
generally  been  regarded  as  a  model,  and  has  been  introduced  as  sneh 
in  different  cities  of  the  Union. 

In  1842,  having  completed  the  organization  of  the  schools,  and  Qmii 
'College  still  remaining  in  a  stationary  condition,  he  resigned  all  con- 
nection with  it,  and,  yielding  to  the  solicitations  of  the  trustees  of  the 
university,  returned  to  his  former  chair  of  natural  philosophy  and  chem- 
istry, in  order  that  he  might  resume  the  cultivation  of  science.  Not  that 
it  is  to  be  inferred  that  in  his  devotion  to  the  advancement  of  education 
he  had  relinquished  or  deferred  the  scientific  pursuits  to  which  the  habit 

•  of  his  mind  and  the  bent  of  his  genius  continually  impelled  him,  for 

•  during  his  travels  in  Europe  he  had  been  careful  to  provide  himself  with 
a  set  of  portable  instruments  of  physical  reseiirch,  and,  aa  a  relief  from 
the  labors  iiniH)sed  by  the  special  object  of  his  mission,  he  instituted  a 

•  connected>;senes  of  observations  at  prominent  points  on  the  Continent 
and  in  Gi^eat  Britain,  relative  to  the  dip  and  intensity  of  terrestrial  mag- 
netism. These  observations  were  made  with  the  view  of  ascertaining 
the  relative  direction  and  strength  of  the  magnetic  force  in  Europe  and 
America,  by  the  comparison  of  parallel  series  of  observations  in  the  two 
countries  with  the  same  instruments.  They  also  served,  in  most  in- 
stances, to  settle  with  greater  precision  than  had  previously  been 

.  attained  the  relative  magnetic  condition  of  the  points  at  which  they 
were  made. 

Though  the  organization  of  the  schools  of  such  a  city  as  Philadelphia 
might  seem  sufficient  to  absorb  all  his  energy  and  self  devotion,  yet 
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even  in  the  midst  of  this  labor  we  find  our  late  eollea^e  actively  co5p- 
erating  in  the  great  enterprise  of  the  British  Association  to  determine 
l>y  contemporaneous  observations,  at  widely  separated  points,  the  fluctu- 
ations of  the  magnetic  and  meteorological  elements  of  the  globe.  This 
cooperation,  in  which  no  doubt  a  feeling  of  national  pride  mingled  itself 
with  his  ardor  for  the  advancement  of  science,  consisted  primarily  in  the 
establishment  of  an  observatory,  to  which  the  trustees  of  Girard  Col- 
lege contributed  a  full  series  of  instruments,  combining  all  the  latest 
improvements,  and  which  was  supported  by  the  American  Philosoph- 
ical Society,  and  a  number  of  liberal  and  intelligent  individuals.  The 
observations  which  were  here  continued  at  short  inteivals,  both  by  day 
and  night,  for  Ave  years,  form  a  rich  mine  of  statistics,  from  which, 
until  within  the  last  few  years  of  his  life,  the  professor  drew  a  highly 
interesting  series  of  results,  without  exhausting  the  material.  In  addi- 
tion to  these  observations,  he  made  during  his  summer  vacations  a 
magnetic  survey  of  Pennylvania. 

He  was  not  destined  to  remain  long  in  his  old  position  in  the  uni- 
versity. Before  he  had  become  fairly  settled  in  it  and  had  renewed 
his  familiarity  with  its  duties,  he  was  called  in  November,  1843,  on 
the  occasion  of  the  death  of  Mr.  Hassler,  Superintendent  of  the  United 
States  Coast  Survey,  to  fill  the  important  sphere  of  public  duty  thus 
rendered  vacant.  His  appointment  to  this  position  was  first  suggested 
by  the  members  of  the  American  Philosophical  Society,  and  the  nomi- 
nation fully  concurred  in  by  the  principal  scientific  and  literary  institu- 
tions of  the  country.  In  this  movement  he  himself  took  no  part,  and 
indeed  regarded  the  position  as  one  not  to  be  coveted;  for  while  it 
opened  a  wide  field  for  the  exercise  of  talent  and  the  acquisition  of  an 
enviable  reputation,  it  involved  responsibilities  and  presented  diffi- 
culties of  the  gravest  character.  Professor  Bache  was  not  one  of  those 
who,  abounding  in  self  confidence,  imagine  themselves  equal  to  every 
exigency,  or  who  seek  the  distinctions  and  emoluments  of  office  without 
any  regard  to  the  services  to  be  rendered  or  the  duties  to  be  discharged. 
On  the  contrary,  though  early  and  continued  success  must  have  tended 
to  increase  his  self  esteem,  each  new  position  to  which  he  was  called 
was  entered  upon  with  feelings  of  solicitude  rather  than  of  exultation. 
He  rightly  judged  that  the  proper  moment  for  self-congratulation  is  not 
at  the  beginning  of  an  arduous  and  precarious  enterprise,  but  at  the 
tinie  of  its  full  and  successful  accomplishment.  Nor  can  it  be  necessary 
to  add  that  this  characteristic  contributed  largely  to  his  success.  In 
civil  service  as  in  the  camp,  the  leader  to  whom  all  look  with  confidence 
is  not  he  who,  with  blind  and  arrogant  self-reliance,  disdains  caution  as 
unworthy  of  courage,  but  he  who,  sensitively  alive  to  the  dangers  to 
be  encountered,  exerts  every  faculty  in  calling  to  his  aid  every  resource 
which  may  tend  to  secure  victory  or  facilitate  retreat. 

With  whatever  misgivings  Professor  Bache  may  have  undertaken 
the  task  to  which  he  was  assigned,  it  may  be  truly  said  that  no  living 
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man  was  so  well  qualified  as  himself  to  secure  the  results  which  the 
nation  and  its  commercial  interests  demanded.     His  edacation  and 
training  at  West  Point,  his  skill  in  original  investigations,  his  thoroagh 
familiarity  with  the  principles  of  applied  science,  his  knowledge  of  the 
world«  and  his  gentlemanly  deportment,  were  all  in  a  greater  or  less  de- 
gree essential  elements  in  the  snccessM  prosecution  of  the  survey.  It 
would  appear  as  if  the  training  and  acquisition  of  every  period  of  his 
life,  and  the  development  of  every  trait  of  his  character,  had  been 
especially  ordained  to  fit  him  in  every  respect  to  overcome  the  diflScul- 
ties  of  this  position.    Besides  the  qualifications  we  have  enumerated, 
he  possessed  rare  executive  ability,  which  enabled  him  to  govern  and 
guide  the  diverse  elements  of  the  vast  undertaking  with  consummate 
tact  and  skill.    Quick  to  perceive  and  acknowledge  merit  in  othei^ 
he  rapidly  gathered  around  him  a  corps  of  men  eminently  well  qnali- 
fied  for  the  execution  of  the  tasks  to  which  he  severally  assigned  them. 
The  Coast  Survey  had  been  recommended  to  Congress  by  President 
Jefferson  as  early  as  1807,  but  it  was  not  until  ten  years  afterward  that 
the  work  was  actually  commenced,  under  the*^ superintendence  of  Pro- 
fessor Hassler,  an  eminent  Swiss  engineer,  whose  plans  had  been  pre- 
viously sanctioned  by  the  American  Philosophical  Society.    Though  the 
fundamental  features  of  the  survey  had  been  established  on  the  most 
approved  scientific  principles  yet  so  frequent  were  the  changes  in  the 
policy  of  the  Grovernmeut,  and  so  limited  were  the  appropriations,  that, 
even  up  to  the  time  of  Professor  Bache's  appointment,  in  1843,  little  more 
than  a  beginning  had  been  made.    The  survey,  so  far  as  accomplished, 
extended  only  from  New  York  Harbor  to  Point  Judith,  on  the  east  coast, 
and  southward  to  Cape  Henlopen.    The  new  Superintendent  saw  the 
necessity  of  greatly  enlarging  the  plan,  so  as  to  embrace  a  much  broader 
field  of  simultaneous  labor  than  it  had  previously  included.     He  divided 
the  whole  coast  line  into  sections,  and  organized,  under  separate  parties, 
the  essential  operations  of  the  survey  simultaneously  in  each.    He  com- 
menced the  exploration  of  the  Gulf  Stream,  and  at  the  same  time  pro- 
jected a  series  of  observations  on  the  tides,  on  the  magnetism  of  the  earth, 
and  the  direction  of  the  winds  at  different  seasons  of  the  year.    He 
also  instituted  a  succession  of  researches  in  regard  to  the  bottom  of  the 
ocean  within  soundings,  and  the  forms  of  animal  life  which  are  found 
there,  thus  offering  new  and  unexpected  indications  to  the  navigator. 
He  pressed  into  service,  for  the  determination  of  the  longitude,  the  elec- 
tric telegraph;  for  the  ready  reproduction  of  charts,  photography;  and 
for  multiplying  copper-plate  engrdvings,  the  new  art  of  electrotyping. 
In  planning  and  directing  the  execution  of  these  varied  improvements, 
which  exacted  so  much  comprehensiveness  in  design  and  minuteness  in 
detail.  Professor  Bache  was  entirely  successfal.    He  was  equally  for- 
tunate, principally  through  the  moral  influence  of  his  character,  in 
impressing  upon  the  Grovernment,  and  especially  upon  Congress,  a  more 
just  estimate  of  what  such  a  survey  required  for  its  maintenance  and 
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creditable  prosecution.  Not  only  was  a  largely-increased  appropriation 
needed  to  carry  out  this  more  comprehensive  plan,  but  also  to  meet  the 
expenses  consequent  upon  the  extension  of  the  shore-line  itself.  Our 
sea-coast,  when  the  survey  commenced,  already  exceeded  in  length  that 
of  any  other  civilized  nation,  but,  in  1845,  it  was  still  more  extended  by 
the  annexation  of  Texas,  and  again,  in  1848,  by  our  acquisitions  on  the 
Pacific.  Professor  Bache  was  in  the  habit  of  answering  the  question 
often  propounded  to  him  by  members  of  Congress,  "  When  will  this 
survey  be  completed  P  by  asking,  '^  When  will  you  cease  annexing  new 
territory  f '  a  reply  not  less  significant  at  the  present  day  than  when  it 
was  first  given,  and  which  may  continue  long  to  be  applicable  under 
the  expansive  tendencies  of  our  national  policy. 

When  Professor  Bache  took  charge  of  the  survey,  it  was  still  almost 
in  its  incipient  stage,  subjected  to  misapprehension,  assailed  by  unjust 
prejudice,  and  liable,  during  any  session  of  Congress,  to  be  suspended 
or  abolished.  When  he  died,  it  had  conquered  prejudice,  silenced  oppo- 
sition, and  become  established  on  a  firm  foundation  as  one  of  the  perma- 
nent bureaus  of  the  executive  Government.  The  importance  of  the 
work,  which  was  always  highly  appreciated  by  the  mariner,  became 
strikingly  obvious  to  the  general  -public  through  the  service  which  it 
rendered  during  the  late  war,  in  furnishing  accurate  charts  and  sailing 
directions  for  the  guidance  of  our  squadrons  along  the  southern  coast. 
Nor  was  this  alone ;  an  active  participation  was  also  borne  by  the  officers 
of  the  survey  in  the  attack  of  the  United  States  Navy  on  Sumter,  Port 
Royal,  Fort  Fisher,  Mobile,  New  Orleans,  and  other  strongholds,  while 
constant  aid  was  rendered  by  them  in  the  navigation  of  the  inlets  and 
channels,  and  in  the  avoidance  of  hidden  rocks  or  shoals  with  which 
none  could  be  more  minutely  acquainted.  Though  the  value  of  the  sur- 
vey was  signally  conspicuous  on  these  occasions,  it  needs  but  little 
reflection  to  be  convinced  of  its  essential  connection  with  the  general 
prosperity  of  the  country.  Whatever  diminishes  the  danger  of  depart- 
ure from  or  an  approach  to  our  shores  facilitates  commerce,  and  thus 
renders  more  valuable  the  products  of  our  industry,  even  in  portions 
of  our  land  most  remote  from  the  sea-board.  But  the  survey  should  not 
be  viewed  alone  in  its  economical  relations,  since,  as  an  enlightened  and 
liberal  people,  we  owe  it  to  the  great  community  of  nations  and  the 
cause  of  humanity  to  supply  the  world  with  accurate  charts  of  our  pre- 
carious coast,  as  well  as  to  furnish  it  with  all  the  other  aids  to  safer 
navigation  which  the  science  and  experience  of  the  age  may  devise. 

Professor  Bache,  with  his  enlightened  appreciation  of  the  value  of 
abstract  science,  kept  constantly  in  view  the  various  problems  relative 
to  the  physics  of  the  globe,  which  are  directly  or  even  incidentally  con- 
nected with  the  survey  of  the  coast,  and  ever  cherished  the  hope  of 
being  permitted  to  complete  his  labors  by  their  solution.  Among  these 
was  a  new  determination  of  the  magnitude  and  form  of  the  earth,  and 
the  variations  in  the  intensity^of  terrestrial  gravity  at  various  points  on 
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the  continent  of  Korth  America ;  the  discassion  of  the  general  theory 
of  the  tides;  the  magnetic  condition  of  the  continent;  and  the  improve- 
ment  of  the  general  map  of  the  United  States,  by  determining  its  i^ 
tion  to  the  coast  line,  and  the  precise  geographical  positions  of  the  most 
important  points  in  the  interior.    Though  his  hopes  in  regard  to  these 
problems  were  not  destined  to  be  realized  by  himself,  fortunately  for 
the  cause  of  science  they  have  been  left  in  charge  of  a  successor  in  the 
person  of  his  ardent  friend  and  collaborator.  Professor  Peirce,  to  whose 
genius  and  industry  we  may  confidently  look  for  that  full  exi>ositioii  of 
the  work  which,  while  it  entitles  him  to  the  highest  approbation  of 
the  scientific  world,  will  render  ample  justice  to  the  labors  and  sagacity 
of  his  lamented  predecessor. 

Besides  having  charge  of  the  Coast  Survey,  Professor  Bache  was 
Superintendent  of  Weights  and  Measures,  and  in  the  exercise  of  this 
function  directed  a  series  of  investigations  relative  to  the  collection 
of  excise  duties  on  distilled  spirits,  and  likewise  superintended  the 
construction  of  a  large  number  of  sets  of  standard  weights  and  meas- 
ures for  distribution  among  the  several  States  of  the  Union.  He 
was  also  appointed  one  of  a  commission  to  examine  into  the  condi- 
tion of  the  light-house  system  of  this-  country-,  and  to  report  upon  any 
improvements  calculated  to  render  it  more  efiicient  In  the  investiga- 
tions pertaining  to  this  subject,  involving,  as  they  do,  a  knowledge  of  a 
wide  range  of  applied  science,  he  took  a  lively  interest,  and  rendered 
important  service  in  the  organization  of  the  admirable  system  which  was 
adopted  and  still  remains  in  operation.  This  commission  of  investiga- 
tion was  afterward  merged  in  the  present  Light-House  Board,  of  which 
he  continued  a  member  until  the  time  of  his  death. 

In  1846  he  had  been  named  in  the  act  of  incorporation  as  one  of  tiie 
Begents  of  the  Smithsonian  Institution,  and  by  successive  reelection 
was  continued  by  Congress  in  this  of&ce  until  his  death,  a  x>eriod  of 
nearly  twenty  years.  To  say  that  he  assisted  in  shaping  the  policy  of 
the  establishment  would  not  be  enough.  It  was  almost  exclusively 
through  his  predominating  influence  that  the  policy  which  has  given 
the  institution  its  present  celebrity  was,  after  much  opposition,  finally 
adopted.  The  object  of  the  donation,  it  will  be  remembered,  had  been 
expressed  in  terms  so  concise  that  its  import  could  scarcely  be  at  once 
appreciated  by  the  general  public,  though  to  the  cultivators  of  science, 
to  which  class  Smithson  himself  belonged,  the  language  employed  failed 
not  to  convey  clear  and  precise  ideas.  Out  of  this  state  of  things  it  is 
not  surprising  that  difference  of  opinion  should  arise  respecting  the 
pi*oper  means  to  be  adopted  to  realize  the  intentions  of  the  founder  of 
the  institution.  Professor  Bache  with  persistent  firmness,  tempered  by 
his  usual  moderation,  advocated  the  appropriatioh  of  the  proceeds  of 
the  funds  principally  to  the  plan  set  forth  in  the  first  report  of  the  Sec- 
retary, namely,  of  encouraging  and  supporting  original  research  in  the 
different  branches  of  science.     Unfortunately  this  policy  could  only  be 
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l>artially  adopted,  on  account  of  the  restrictions  of  the  enactment  of  Gon- 
$^res8,  by  which  provision  was  to  be  made  for  certain  specified  objects. 
He  strenuously  opposed  tlie  contemplated  expenditure  of  a  most  dispro- 
portionate sum  in  the  erection  and  maintenance  of  a  costly  edifice ;  but 
failing  to  prevent  this,  he  introduced  the  resolution  adopted  by  the 
board  as  a  compromise,  whereby  the  mischief  which  he  could  not  wlfoUy 
avert  might  at  least  be  lessened.  This  resolution  provided  that  the 
time  of  the  erection  of  the  building  should  be  extended  over  several  years, 
while  the  fund  appropriated  for  the  purpose,  being  in  the  mean  time 
invested  in  a  safe  and  productive  manner,  would  serve  in  some  degree 
to  counterbalance  the  effect  of  the  great  and  unnecessary  outlay  which 
had  been  resolved  on.  It  would  be  difficult  for  the  secretary,  however 
unwilling  to  intrude  anything  personal  on  this  occasion,  to  forbear  men- 
tioning that  it  was  entirely  due  to  the  persuasive  influence  of  the  pro- 
fe;»sor  that  he  was  induced,  almost  against  his  own  better  judgment,  to 
leave  the  quiet  pursuit  of  science  and  the  congenial  employment  of 
college  instruction  to  assume  the  laborious  and  responsible  duties  of  the 
office  to  which,  through  the  partiality  of  friendship,  he  had  been  called. 
Nor  would  it  be  possible  for  him  to  abstain  from  acknowle<lging  with 
heart-felt  emotion  that  he  was  from  first  to  last  supported  and  sus- 
tained in  his  difficult  position  by  the  fraternal  sympathy,  the  pru- 
dent counsel,  and  the  unwavering  friendship  of  the  lamented  deceased. 

His  demeanor  in  the  board  was  quiet  and  unobtrusive,  and  his  opinions 
nought  no  support  in  elaborated  or  premeditated  argument;  but  when  a 
topic  likely  to  lead  to  difficulty  in  discussion  was  introduced,  he  seldom 
failed,  with  that  admirable  tact  for  which  he  was  always  noted,  to  dis- 
pose of  it  by  some  suggestion  so  judicious  and  appropriate  as  to  secure 
ready  acquiescence  and  harmonious  action.  The  loss  of  such  a  man  in 
the  councils  of  the  Institution,  when  we  consider  the  characteristics 
which  it  has  been  our  aim  to  portray,  must,  indeed,  be  regarded  as  little 
less  than  irreparable. 

As  a  vice-president  of  the  United  States  Sanitary  Commission  his 
influence  was  felt  in  selecting  proper  agents,  and  suggesting  efficient 
means  for  collecting  and  distributing  the  liberal  contributions  offered 
for  ameliorating  the  condition  of  our  soldiers  during  the  war.  But  the 
services  which  he  rendered  the  Government  during  the  recent  struggle 
were  not  confined  to  this  agency,  or  to  the  immediate  operations  of  the 
Coast  Survey.  He  was  called  into  consultations  to  discuss  plans  of 
attack  on  the  part  of  the  Navy,  and  for  its  cooperation  with  the  Army. 
He  acted  also  as  a  member  of  a  commission  to  which  various  projects, 
professing  to  improve  the  art  of  war,  were  referred,  and  in  this  capacity 
it  is  not  too  much  to  say  that  his  judicious  counsel  contributed  to  save 
the  Government  millions  of  dollars  by  preventing  the  adoption  of  plausi- 
ble though  impracticable  propositions  from  which  nothing  but  failure 
and  loss  could  have  resulted. 

One  of  the  last  acts  of  his  life  was  an  exemplification  of  the  devoted 
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affection  which  he  had  always  borne  to  his  native  city,  whither  it  was  his 
cherished  intention  to  return  when  he  should  be  at  last  released  from  offi- 
cial duty.  At  the  request  of  the  governor  of  Pennsylvania,  although  over- 
whelmed with  other  public  labors,  he  planned  lines  of  defenses  for  Philadel 
phia,  and  to  a  certain  extent  personally  superintended  their  constructioii. 
Unaccustomed  for  many  years  to  direct  exposure  to  the  sun,  this  work 
proved  too  much  for  his  physical  strength  and  brought  on  the  first  indica- 
tions of  that  malady  which  terminated  his  life.    Though  apparently  of 
a  vigorous  constitution,  and  capable,  under  the  excitement  of  official 
life,  of  bearing  an  unusual  amount  of  bodily  fatigue,  yet  he  was  subjwt 
at  intervals  to  ^'sick  headaches,''  a  disease  which  seems  to  have  becu 
hereditary,  and  which  perhaps  conspired  with  other  causes  in  termi- 
nating his  useful  and  distinguished  career.    Previous  to  the  war  he  had 
spent  the  warmer  part  of  each  summer  in  a  tent,  at  some  i^oint  of  the 
primary  triangulation  of  the  survey,  whence  he  directed  the  varioos 
parties  in  the  field  by  correspondence ;  and  as  the  point  was  nsnaUy  at 
the  top  of  a  mountain,  or  at  some  elevated  position,  from  which  other 
stations  of  the  survey  could  be  seen,  he  did  not  want  for  invigorating 
air.  With  this,  and  the  exercise  of  measuring  angles  he  laid  in  a  store  of 
health  sufficient  to  enable  him  to  carry  on  without  interruption  the 
arduous  duties  of  the  remaining  portion  of  the  year.    But  after  the  com- 
mencement of  the  war  his  presence  was  continually  required  in  Wash- 
ington to  give  advice  and  information  as  to  military  and  naval  opera- 
tions, and  to  attend  the  meetings  of  the  scientific  commission  to  which 
we  have  previously  referred.    He  was,  therefore,  no  longer  able  to  avail 
himself  of  the  recuperating  influence  of  mountain  air,  and  in  view  of  this 
his  valuable  life  may  be  said  to  have  been  one  of  the  sacrifices  offered 
for  the  preservation  of  the  Union.    The  first  in<lications  of  the  insidious 
disease  which  gradually  sapped  the  citadel  of  life  were  numbness  in  the 
fingers  of  his  right  hand,  and,  on  one  occasion,  for  a  short  time  only, 
loss  of  memory.    Though  these  symptoms  gave  him  some  uneasinet^ 
they  did  not  diminish  his  exertions  in  the  line  of  his  duty.    Other  symp- 
toms, however,  exhibited  themselves,  which,  though  awaking  anxiety, 
did  not  much  alarm  his  friends,  until  he  was  suddenly  deprived,  in  a  con- 
siderable degree,  of  the  power  of  locomotion  and  of  the  expression  of 
ideas ;  the  result,  it  was  supposed,  of  a  softening  of  the  brain.  But  though 
thepowerof  expression  was  paralyzed,  his  memory  appeared  to  retain  all 
the  impressions  of  the  past,  and  he  evidently  took  much  pleasure  in  hav- 
ing recalled  to  him  scenes  and  events  of  years  gone  by.  For  several  months 
he  was  very  anxious  as  to  the  business  of  the  Coast  SurN'^ey,  and  it  was 
with  difficulty  he  could  be  restrained  from  resuming  in  full  the  duties  of 
his  office ;  but  as  the  malady  increased  his  perception  of  external  objects 
diminished.    He  took  less  and  less  interest  in  passing  events,  and  finally 
seemed  to  withdraw  his  attention  from  the  exterior  world,  with  which 
he  almost  ceased  thenceforth  to  hold  any  active  communication.     It  wan 
hoped  that  a  voyage  to  Europe,  through  the  excitements  of  shipboard 
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iud  the  revival  of  old  associations,  would  be  of  service  to  him ;  but,  iiot- 
i^'ithstanding  an  occasional  manifestation  of  his  wonted  spirit  of  social 
i»nd  intellectual  enjoyment  at  the  encounter  of  a  friend  of  former  times 
yr  distinguished  associate  in  the  walks  of  science,  he  returned  from  a 
^jouru  abroad  of  eighteen  months  without  having  experienced  any  per- 
manent abatement  in  the  progress  of  his  malady.  He  lingered  for  a  short 
time  longer,  and  finally  resigned  his  breath  at  Newport,  Rhode  Island, 
on  the  17th  of  February,  1867,  in  the  sixty-first  year  of  his  age. 

It  would  be  impossible  to  name  an  American  distinguished  on  purely 
scientific  grounds  to  whom  the  enlightened  sentiment  of  his  own  country- 
men and  of  foreign  nations  has  awarded  more  emphatic  marks  of  ad- 
miration and  esteem.  The  degree  of  Doctor  of  Laws  was  conferred  on 
him  by  the  principal  universities  of  this  country,  and  few  of  our  leading 
societies  were  willing  to  forego  the  honor  of  numbering  him  among  their 
associates.  He  was  elected  in  succession  president  of  the  American 
Philosophical  Society,  of  the  American  Association  for  the  Advancement 
of  Science,  and,  of  the  National  Academy  of  Sciences  established 
by  Congi*ess.  Nor  were  foreigners  less  forward  in  acknowledging 
his  merit.  He  was  a  member  of  the  Royal  Society  of  Loudon, 
of  the  Imperial  Academy  of  Sciences  at  St.  Petersburg,  of  the  Insti- 
tute of  France,  the  Royal  Society  of  Edinburgh,  the  Royal  and  Impe- 
rial Geographical  Society  of  Vienna,  the  Royal  Academy  of  Turin,  the 
Mathematical  Society  of  Hamburg,  the  Academy  of  Sciences  in  the 
Institute  of  Bologna,  the  Royal  Astronomical  Society  of  London,  and 
of  the  Royal  Irish  Academy  of  Dublin.  In  addition  to  these  testimonies 
of  appreciation,  several  medals  were  awarded  to  him  by  foreign  govern- 
ments for  his  distinguished  services  in  the  Coast  Survey  and  in  the 
cause  of  science  generally. 

The  life  we  have  here  sketched  is  eminently  suggestive,  both  from  a 
philosophical  and  a  practical  point  of  view.  It  presents  an  unbroken 
series  of  successful  efforts,  with  no  interruptioMS  in  its  sustained  and 
constantly  ascending  course ;  all  parts  follow  each  other  in  harmonious 
continuity;  and  not  only  is  each  stage  of  its  progress  in  advance  of  the 
one  which  preceded  it,  but  it  furnishes  the  means  of  education  for  that 
which  succeeded.  It  is  not  merely  curiosity,  laudable  as  that  might  be, 
but  a  sense  of  the  importance  of  the  inquiry,  which  prompts  us  to  ask. 
What  were  the  mental  and  moral  characteristics  of  the  mind  which  pro- 
duced such  results?  And  we  say  intentionally,  the  inind  which  produced 
these  results^  for  although  it  be  true  that  accident  has  in  many  cases  a 
determining  influence  on  the  fortunes  of  an  individual,  it  will  be  cle«ar 
from  what  precedes,  or  we  shall  have  greatly  fiiiled  in  the  task  which 
we  proposed  to  ourselves,  that  the  element  of  casualty  had  but  little  to  do 
with  the  success  which  crowned  the  life  to  which  the  question  at  present 
relates. 

From  long  acquaintance  with  him  and  critical  study  of  the  events  of 
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his  life,  and  the  distinctive  manifestations  of  bis  moral  and  inteUeekoai 
nature,  we  venture,  though  not  without  hesitation,  to  present  the  fol- 
lowing analysis  of  the  character  of  one  who  has  performed  so  conspicQ- 
ous  a  part,  and  in  whose  memory  so  many  are  deeply  interested. 

Alexander  Dallas  Bache  possessed,  or  we  may  perhaps  say  origiDaUy 
inherited,  a  mind  of  strong  general  powers,  with  no  faculty  in  excess  or 
in  deficiency,  but,  as  a  whole,  capable  of  unusual  expansion  or  develop- 
ment in  any  direction  which  early  training  or  the  education  of  life  might 
determine.  He  also  possessed  strong  passions,  which,  instead  of  exert- 
ing an  unfavorable  effect  on  his  character  by  their  indulgence,  became^ 
under  the  restraining  influence  to  which  they  were  in  due  season  m\y 
jected,  a  reserved  energy,  as  it  were,  ready  to  manifest  itself  spuutaneoosly 
and  at  any  time  in  the  vindication  of  truth  and  justice.  He  was  like- 
wise endowed  with  a  power  of  will  which,  controlling  all  his  faculties 
and  propensities,  rendered  them  subservient  to  those  fixed  purpose 
which  had  once  received  the  sanction  of  his  deliberate  judgment  Em- 
inent also  among  his  characteristics,  and  perhaps  most  couspicoons  of 
all,  was  the  social  element  of  refined  humanity,  a  regard  for  his  fellow- 
man,  which  craved  as  an  essential  want  of  his  nature  fraternal  sympa- 
thy, not  only  with  those  within  the  wide  circle  of  his  daily  associations, 
but  with  those  from  whom  he  could  expect  no  reciprocation  of  the  sen- 
timent, the  entire  brotherhood  of  mankind.  These  characteristics,  with 
a  nice  perception  of  right  and  a  conscience  always  ready  to  enforce  it« 
mandates,  are,  we  think,  sufficient  to  explain  the  remarkable  career  we 
have  described. 

They  were  perhaps  indicated  by  himself,  though  with  an  admission 
not  to  be  accepted  without  some  reserve,  in  a  conversation  with  the  writer 
of  this  sketch  in  reference  to  his  entrance  at  West  Point.  "  I  knew,^  he 
said,  *'that  I  had  nothing  like  genius,  but  I  thought  I  was  capable  bv 
hard  study  of  accomplishing  something,  and  I  resolved  to  do  my  best, 
and  if  possible  to  gain  the  approbation  of  the  teachers,  and,  above  all, 
to  make  myself  loved  and  respected  by  my  classmates." 

To  illustrate  the  progressive  development  of  the  individual  traits  of 
his  character,  we  may  be  allowed  to  dwell  for  a  moment  on  a  few  analyt- 
ical details.  The  early  period  of  his  life,  including  that  which  pre- 
ceded his  first  call  to  Philadelphia,  was  almost  wholly  devoted  to  the 
improvement  of  the  mechanical,  or  the  "doing"  faculties  of  his  mind, 
and  but  little  attention  was  given  to  invention,  or  the  exercise  of  ori- 
ginal thought.  His  final  examination  at  the  Academy,  perfect  as  it  was 
in  its  kind,  only  exhibited  his  capacity  for  the  acquisition  of  knowledge 
not  the  power  to  originate  or  apply  it.  When  his  efforts  were  first 
turned  in  the  latter  direction,  he  evinced,  as  I  well  remember,  no  espe- 
cial aptitude  for  it  that  would  indicate  future  success ;  but  in  a  short 
time,  and  under  the  stimulus  of  the  associations  into  which  he  was 
thrown  in  Philadelphia,  the  faculties  of  investigation  and  of  generahza- 
tion  were  rapidly  developed,  and  had  he  not  been  partially  turned  aside 
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rom  such  pursuits,  I  doubt  uot  but  that  he  would  have  still  more  highly 
Listinguished  himself  in  the  liue  of  experimeutal  research.  Again,  the 
'.hange  in  the  circumstances  and  relations  of  his  life  produced  by  his 
ilection  to  the  presidency  of  Girard  College  introduced  him  to  a  famil- 
arity  with  an  entirely  new  class  of  ideas,  which  served  to  exercise  and 
expand  another  faculty  of  his  mind,  that,  namely,  which  observes  and 
ippreciates  moral  truths,  though  without  impairing  his  aptitude  for 
>hy8ical  research.  In  like  manner,  his  foreign  mission  with  reference 
io  popular  education,  by  bringiog  him  into  intimate  and  friendly  associa- 
ion  with  minds  of  the  first  order  in  the  principal  cities  of  Europe,  afforded 
iim  an  opportunity  for  enlarging  the  sphere  of  his  sympathies,  as  well 
18  of  studying  men  under  a  great  variety  of  social  and  mental  peculiar* 
ties; 

Again,  his  long  residence  and  high  social  position  at  the  seat  of  Gov- 
irument,  his  intimate  acquaintance  and  Mendly  intercourse  with  states- 
men and  politicians,  imbued  him  with  a  thorough  knowledge  of  the  work- 
ing of  the  Government,  such  as  few  have  ever  possessed,  while  his  ex- 
ertions to  sustain  the  Coast  Survey  and  improve  its  condition  served  to 
3aH  into  active  operation  his  power  to  appreciate  character,  to  discern 
motives,  and,  therefore,  to  convince,  persi^ade,  and  control  men.  His 
sibility  in  this  latter  respect  was  remarkable;  a  personal  interview  with 
»u  opponent  of  the  survey  scarcely  ever  failed  to  convert  perhaps  an 
active  enemy  into  an  influential  friend.  His  success  in  this  respect 
often  astonished  those  who  frequently  harassed  Congress  with  propositions 
covertly  designed  to  promote  their  own  interest  at  the  expense  of  public 
utility ;  hence  the  exclamation  was  not  unfrequently  heard,  '^  Bache  is 
certainly  a  wonderful  manager.''  If  that  which  is  unusual  constitutes, 
an  element  of  wonder,  then  the  exclamation  was  not  without  truth, 
though  not  in  the  sense  of  those  by  whom  it  was  uttered,  for  he  never 
idvocated  any  measure  that  was  not  just,  expedient,  and  proper,  either 
IS  concerned  the  interests  of  the  country  or  the  welfare  of  his  species. 

On  the  whole,  if  we  would  seek  the  real  secret  of  his  influence  over 
lis  fellow-men,  it  would  be  found,  no  doubt,  to  have  consisted  in  the 
lingular  abnegation  of  self  which  pervaded  his  whole  conduct;  his 
^reat  practical  wisdom,  his  honesty  of  i^urpose,  and  his  genial  though  quiet 
md  unobtrusive  manner.  ,In  the  exercise  of  these  characteristics,  he 
was  so  far  from  the  least  appearance  of  dissimulation,  that  no  one  ever 
approached  him  without  feeling  that  it  was  equally  impossible  to  doabt 
the  purity  of  his  intentions  as  it  was  to  elude  the  penetration  of  his 
quiet  but  thorough  scrutiny.  His  calmness  served  as  a  shield  from 
within  and  without;  and  as  a  guard  against  himself  as  well  as  a  pro- 
tection against  others.  It  enabled  him  to  weigh  the  motives  and  observe 
the  character  of  those  who  consulted  him  with  the  view  of  securing  his 
influence  or  gaining  his  patronage.  His  genial  nature  enabled  him  to 
descend  gracefully  from  the  heights  of  science  and  to  enter  fully  and 
frankly  into  the  feelings  of  any  company  with  which  he  might  be 


108       EUX.OGY  ON  PE0FES80B  ALEXANDER  DALLAS  BACHE. 

tlirowQ.  In  tbis  he  was  aided  by  a  playftduess  of  fancy  and  a  (|uic( 
bamor  which  banished  any  reserve  that  might  have  beea  produced  bv 
a  knowledge  of  bis  superior  talents  and  attainments.  He  was,  thou;;)! 
by  no  means  gifted  with  those  attractions  of  person  which  inflnence  ai 
first  sight,  a  favorite  with  all  ages,  and  particalarly  with  the  »i 
whose  discrimination  of  character  ia  said  to  be  least  fallible.  It  enmt 
almost  auperflnous  to  say  of  such  a  man  that  his  friendship  was  opn 
and  unwavering,  that  his  confidence  ouce  bestowed  could  be  sh^en  bv 
no  mere  difference  of  opiuiou  or  conflict  of  personal  interests.  Seven 
to  himself  under  the  responsibility  of  duty,  and  in  the  panctual  obsrrr- 
ance  of  his  engagements,  his  indulgence  was  reserved  for  the  weak  and 
the  erring.  Though  his  outer  life  was  free  from  disappointmeote  w 
reverses,  and  though  he  walked  as  it  were  in  perpetual  8aDsbiue,all  wu 
not  so  within.  Besides  the  anxiety  and  solicitude  incident  to  the  ivspoit 
fiible  duties  of  his  position,  occasions  of  trial  and  profound  sorrow  wtn 
not  spared  him.  He  was  called  to  mourn  the  nntimely  loss  of  a  beloved 
brother,  who  fell  a  victim  to  his  zeal  for  the  professor's  service  in  Ibt 
survey  of  the  Gulf  Stream ;  of  another  brother,  the  youngest  and  las. 
also  an  ofQcer  of  the  Navy,  and  a  general  favorite,  who  was  diowitid 
on  the  coast  of  California;  and  lastly  of  a  sister,  whom  he  had  adopts 
and  cherished  as  a  child.  In  these  seasons  of  affliction  he  found  coon- 
lation  in  the  steadfast  convictions  of  religions  faith.  Nurtured  in  the 
forms  and  principles  of  the  Episcopal  church,  he  was  a  devont  tot- 
shiper  in  the  sanctuary,  though  not  bigoted  in  bis  attachment  to  tbe 
peculiar  ordinances  of  that  communion.  He  fiilly  recognized  the  nnim 
of  science  and  religion,  and  held  with  unwavering  constancy  the  belieT 
that  revelation,  properly  interpreted,  and  science,  rightly  understood, 
must  ultimately  join  in  perfect  accord  in  reference  to  the  great  tnitlu 
essentia]  to  the  well-being  of  man. 

As  an  endenee  of  bis  high  appreciation  of  abstract  science  derivtd 
f^om  original  investigation,  be  left  his  property  in  tmst  to  the  Natioiul 
Academy  of  Sciences,  the  income  to  be  devoted  to  the  prosecution  of 
researches  in  physical  and  natural  science  by  assisting  experimentalislj 
and  observers,  and  the  publication  of  the  results  of  their  investigatioDs; 

I  here  close  this  imperfect  stetch,  in  which  I  am  conscious  of  bavioK 
passed  in  silence  many  admirable  traits  of  ch'aracter  and  conduct,  and  of 
having  very  inadequately  portrayed  others,  with  the  remark  that,  tlioni;fa 
our  companion  and  brother  has  departed,  his  works  and  his  iuflDemt 
still  remain  to  us;  that,  sorrow  as  we  must  for  his  loss,  we  can  stiD 
recall  with  pride  and  satisfaction  the  example  he  has  left  us  of  all  tbHt, 
in  heart,  in  spirit,  and  in  life,  the  true  man  of  science  ought  to  be. 


The  following  is  a  list  of  the  published  scientific  papers  of  Alexander 
Hits  Bache,  copied  from  the  appendix  to  an  address  by  Dr.  Be^jarain 
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jroald,  before  the  American  Assoc^iation  for  the  Advancement  of 
nee,  August  6, 1868. 

—Feb.       On  the  specific  beat  of  tbc  atom  a  of  iKwlies.    Journ.  Phila,  Acad,  Nat,  Sci.y 

vi,  141. 

—May.  On  the  inflammation  of  phosphor ii8  in  a  partial  vacuum.  Arner.  Jouni, 
Sd.j  xviii,  372. 

-Mar.  Report  of  the  committee  of  the  Franklin  Institute,  of  Pennsylvania,  ap- 
pointed May,  1829,  to  ascertain^y  experiment  the  value  of  wat-er  as  a 
moving  power.    Journ.  Frank.  Inst,  vii,  145  ;  viii,  ix,  x,  &c. 

-April.  Safety  apparatus  for  steamboats,  being  a  combination  of  the  fusible 
metal  disk  with  the  common  safety-valve.  Journ.  Franklin  Inat.,  vii, 
217  ;  Amer.  Journ.  Sci.y  xx,  317. 

-Oct.  Meteorological  observations  during  the  solar  eclipse  of  February  12, 
1831.     Trans.  Amer.  Phil.  Soc.,  iv,  132.  . 

-July.  Translation  of  Berzelius's  Essay  on  Chemical  Nomenclature.  Amer. 
Journ.  Sci.,  xxii,  248 ;  Philadelphiaj  1832. 

-July.  Notice  of  experiments  on  electricity  developed  by  magnetism.  Journ. 
Franklin  Inst.f  x,  66;  Atner.  Journ.  Sci.y  xxii,  409. 

-Oct.  Alarm  to  be  applied  to  the  interior  flues  of  steam-boilers.  Journ.  Frank- 
lin Inat.y  X,  217. 

-Nov.  On  the  diurnal  variation  of  the  magnetic  needle.  Trans.  Amer.  Phil.  Soc., 
v,l. 

-Mar.  Elementary  view  of  the  application  of  analysis  to  reflection  and  refrac- 
tion. An  appendix  to  Sir  David  Bn^wster's  treatise  on  optics.  Phila- 
delphia^ 1833.    pp.  95. 

-July.  Translation  of  Avogadro^s  memoir  on  the  elastic  force  of  the  vapor  of 
mercury.    Amer,  Journ.  Sci.y  xxiv,  286. 

-July.  Note  of  the  effect  upon  the  magnetic  needle  of  the  aurora  borealis,  visi- 
ble at  Philadelphia  on  the  17th  of  May,  1833.  Journ.  Franklin  Inst.f  xii, 
5 ;  Amer.  Journ.  Sd.j  xxvii,  113. 

• 

-Nov.  Attempt  to  fix  the  date  of  Dr.  Franklin's  observation,  in  relation  to  the 
northeast  storms  of  the  Atlantic  States.    Journ.  Franklin  Inst.^  xii,  300. 

-Dec.  Report  of  experiments  on  the  navigation  of  the  Chesapeake  and  Dela- 
ware Canal  by  steam.    Journ.  Franklin  Inst.,  xii,  361. 

-Jan.  Observations  on  the  disturbance  in  the  direction  of  the  horizontal  needle, 
.  during  the  occurrence  of  tHe  aurora  of  July  10,  1833.  Journ.  Franklin 
Inst.,  xiii,  1;  Amer.  Journ.  Sci.y  xxvii,  118. 

-Jan.  Report  of  the  managers  of  the  Franklin  Institute,  in  relation  to  weights 
and  measures.  Presented  in  compliance  with  a  resolution  of  the  house 
of  representatives  of  the  State  ol  Pennsylvania.  Journ.  Franklin  Inst., 
xiv,  6 ;  PhiUidelphia,  ia34. 

-June.  Analysis  of  some  of  the  coals  of  Pennsylvania,  (made  jointly  with  Profes- 
sor H.  D.  Rogers.)    Journ.  Phila.  Acad.  Nat.  Sci.y  vii,  158. 

-Oct.        On  the  variation  of  the  magnetic  needle.    Amer.  Journ.  Sci.,  xxvii,  385. 

-Nov.  Observations  to  determine  the  magnetic  dip  at  Baltimore,  Philadelphia, 
New  York,  West  Point,  Providence,  Springfield,  and  Albany,  (made 
Jointly  with  Professor  E.  H.  Courteuay.)  Trans.  Amer.  Phil.  Soc.y 
V,  209. 

-Nov.  Meteoric  observations  on  and  about  Nov.  13, 1834.  Amer.  Journ.  Sci., 
xxvii,  335 ;  Journ.  Franklin  Inst.,  xvi,  369. 

•-Jan.  Note  relating  to  the  hardening  of  lime  under  water,  by  the  action  of  car- 
bonate  of  potassa.  &c.,  and  to  the  hardening  of  carbonate  of  lime  in 
the  air,  by  potassa  and  soda.    Joum.  Frank.  Inst.,  xv,  6. 
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1835- Mar. 
1935— May. 


1835— May. 


1835— June. 
1835— July. 
1835— Nov. 

18:35— Dec. 

1836— Jan. 

183G->Jan. 
1836— Jan. 


Meteorological  observations  made  during  the  solar  eclipse  of  Noyembet 

30,  1834.     Trans.  Amer,  Phil,  SoCy  v,  237. 
Experimental  illustrations  of  the  radiating  and  absorbing  powers  of  »ir- 

faces  for  heat*  of  the  effects  of  transparent  screens,  of  the  coDclacting 

power  of  solids,  &,c,    Journ.  Franklin  InsUy  xv,  303  ;  Amer.  Joum.  5n. 

xxviii,  320. 
Replies  to  a  circular  in  relation  to  the  occurrence  of  an  unusual  metf^im 

display  on  the  13th  of  November,  addressed  by  the  SecreUuy  of  Vsr 

to  the  military  posts  of  the  United  States,  with  other  facts  relating  to 

the  same  question.    Amer.  Journ.  /Set.,  xxviii,  30.5 ;  Joum.  Franklim  h*U 

xvi,  149. 
Experiments  on  the  efficacy  of  Perkins's  steam-boilers  or  circnUtorv 

Joum.  Franklin  Inst.j  xv,  379. 
On  the  comparative  corrosion  of  iron,  copper,  zinc,  Ac,  by  a  satuntfd 

solution  of  common  salt.    Journ.  Franklin  Inst^  xvi,  2. 
Inquiry  in  relation  to  the  alleged  influence  of  color  on  the  radiation  ot 

non-luminous  heat.    Journ.  Franklin  Inat.y  xvi,  289 ;  Amer.  Joum.  5ri. 


XXX,  10. 


1836— Feb. 


1836— AprU. 


1836— May. 


1836— July. 
1837-May. 

1838— Aug. 
1839— May. 
1839— Nov. 


Historical  notice  of  a  hypothesis  to  explain  the  greater  quantity  of  nii 
which  faUs  on  the  surface  of  the  ground  than  above  it.  Joum.  Fmk- 
lin  Inst.,  xvii,  106. 

Observations  upon  the  facts  recently  presented  by  Professor  Olmsted  in 
relation  to  meteors  seen  on  the  13th  of  November,  1834.  Joum.  Frwl- 
lin  Inst.,  xvii,  :J3  ;  Amer.  Journ.  Sci.j  xxix,  383. 

Historical  note  on  the  discovery  of  the  non-conducting  power  of  i«. 
Joum.  Franklin  Inst.,  xvii,  182. 

Report  of  experiments  made  by  the  committee  of  the  Franklin  Institute 
of  Pennsylvania,  on  the  explosions  of  steam-boilers,  at  the  request  ot 
the  Treasury  Department  of  the  United  States.  Joum.  Franklin  M.y 
xvii,  1,  73,  145,  217,  289. 

Remarks  on  a  method,  proposed  by  Dr.  Thomson,  for  determining  the  pro- 
portions of  potassa  and  soda  in  a  mixture  of  the  two  alkalies;  witfatbe 
application  of  a  similar  investigation  to  a  different  method  of  analpu^. 
Journ.  Franklin  Inst.,  xvii,  305. 

Notes  and  diagrams  illustrative  of  the  directions  of  the  forces  acting  at 
and  near  the  surface  of  the  earth,  in  different  parts  of  the  Bmnstrirk 
tornado  of  June  19,  1835.     Trans.  Amer.  Phil.  SoCf  v.  407. 

Or  the  relative  horizontal  intensities  of  terrestrial  magnetism  at  sevenil 
places  in  the  United  States,  with  the  investigations  of  corrections  for 
temperature,  and  comparisons  of  the  methods  of  oscillation  in  full  and 
in  rarefied  air,  (jointly  with  Professor  E.  H.  Courtenay.)  Trani.AMtr. 
Phil.  Soc,  V,  427. 

Proposed  forms  of  diagrams  for  exhibiting  to  the  eye  the  results  o( « 
register  of  the  direction  of  the  wind.    Joum.  Franklin  Inst.^  xviii,  22. 

Corresponding  magnetic  observations,  in  connection  with  Profo«M 
Lloyd  of  Dublin,  to  determine  the  relative  magnetic  intensity  in  Phil- 
adelphia, Dublin,  and  Edinburgh.    Proc.  B.  Irish  Acad.,  i,  71. 

Note  on  the  effect  of  deflected  currents  of  air  on  the  quantity  of  rain  col- 
lected by  a  rain-gauge.    Bep.  Brit.  Assoc.  Adv.  Set.,  1838,  ii,  25. 

Report  on  education  in  Europe,  to  the  trustees  of  the  Girard  College  fof 
Orphans.    8vo.    pp.666.    Philadelphia,  1839. 

Comparison  of  Professor  Loomis's  observations  on  magnetic  dip  with 
those  obtained  by  Professor  Courtenay  and  himself.  Proc  Amer.  P^ 
Soc.,  i,  146. 
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> — ^Nov.  Simnltaneons  magnetic  observations,  made  in  correspondence  with  Pro- 
fessor Lloyd  of  Dublin.  Proc.  B,  Irish  Acad.,  i,  462 ;  Amer,  Joum.  Sci.^ 
xli,  212. 

— Mar.  Observations  of  the  magnetic  intensity  at  twenty-one  stations  in  Europe. 
Irana.  Amer,  Phil.  Soc.y  vii,  75 ;  Proc.  Amer.  Phil.  Soc.j  i,  185. 

— ^Nov.  Determination  of  the  magnetic  dip  at  Philadelphia  and  Baltimore. 
Proc.  Amtr.  PhiL  Soo.f  i,  294. 

— ^Dec.  On  an  instrument  for  measuring  the  changes  in  the  vertical  compo- 
nent of  the  force  of  terrestrial  magnetism     Proc.  Amer.  Phil.  Soc. ,  i.  311 

— ^May.  Diagram  of  the  direction  and  force  of  the  wind,  and  amount  and  rate  of 
rain-fall  during  the  severe  gust  of  April  2, 1841.  Proc.  Amer.  Phil.  Soe., 
ii,  56. 

—July.  On  observations  of  the  magnetic  dip,  made  at  Baltimore  by  Mr.  Nicollet 
and  Major  Graham.    Proc.  Amer.  Phil.  Soc.j  ii,  83. 

— ^Nov.  Account  of  the  formation  of  cumulus  cloud  from  the  action  of  a  tire. 
Proc.  Amer.  Phil.  8oc.,  ii,  116. 

— Mar.  Semi-annual  report  of  the  principal  of  the  High  School,  and  report  to  the 
controllers  of  the  public  schools.  7\oenty-fourth  Annual  Report  of  Con- 
trollera  of  Public  Schools  of  Philadelphia,  pp.  23,  50. 

— ^April.  On  the  application  of  the  self-registering  rain-gauge  to  registering  the 
fall  of  snow.    Proc.  Amer.  Phil.  Soc.,  ii,  164. 

— July.  Report  of  the  principal  of  the  Central  High  School  for  the  year  ending 
July,  1842.    8vo.    pp.  120.    Philadelphia. 

— Oct.  Address  delivered  at  the  close  of  the  twelfth  exhibition  of  American 
manufactures,  held  by  the  Franklin  Institute. 

— ^Dec.  On  a  modification  of  Lloyd's  induction  Inclinometer.  Proc.  Amer.  Phil. 
Soc,  ii,  237. 

— Jan.       On  a  new  dew-point  hygrometer.    Proc.  Amer.  Phil.  Soc,  ii,  249. 

— ^May.  Results  of  two  years*  observations  of  the  magnetic  elements,  and  of  the 
temperature,  pressure,  and  moisture  of  the  atmosphere  at  the  magnetic 
observatory  of  Girard  College.    Proc  Amer.  Phil.  Soc,  iii,  90. 

— ^May.  Account  of  an  instrument  for  determining  the  conducting  power  of 
bodies  for  heat.    Proc.  Amer.  Phil.  Soc,  iii,  132. 

— May.  Account  of  observations  at  Philadelphia  and  Toronto,  during  the  mag- 
netic disturbance  of  May  6,  1843,  and  their  bearing  upon  the  question 
of  the  kind  of  instruments  and  observations  appropriate  to  determine 
such  phenomena.    Proc  Amer.  Phil.  Soc,  iii,  175. 

— ^Feb.  Report  to  the  Treasury  Department  on  the  progress  of  construction  of 
standard  weights  and  measures.  Senate  Doc  149,  28th  Congress,  2a 
Session. 

' — ^Dec.      Description  of  a  new  base  apparatus  used  in  the  United  States  Coast 

Survey.    Proc.  Amer.  Phil.  Soc.  iv,  368. 
I — ^Dec.      On  a  new  method  of  observing  transits.    Monthly  Not.  R.  Astr.  Soc.y  ix, 

123 ;  Bull,  Acad.  Sd.,  Brussels,  xvi,  313 ;  Astr.  Nachr.,  xxviii,  273. 
\ — Aug.      Comparison  of  the  results  obtained  in  geodesy  by  the  application  of  the 

theory  of  least  squares.    Proc.  Amer.  Assoc  Adv.  Sci.,  Cambridge,  1849, 

p.  102. 
>— Aug.      On  the  progress  of  the  survey  of  the  coast  of  the  United  States.    Proc 

Amer.  Assoc,  Cambridge,  1849,  p.  162. 
) — ^Mar.      Notes  on  the  results  of  observations  of  the  direction  and  force  of  the 

wind  at  the  Coast  Survey  stations  at  Mobile  Point  and  at  Cat  Island, 

Gulf  of  Mexico.    Proc.  Amer.  Assoc,  Charleston,  1850,  p.  50. 
} — Mar.      Abstract  of  a  communication  on  the  recent  progress  of  the  telegraphic 

operations  of  the  United  States  Coast  Survey.    Proc.  Amer.  Assoc, 

Charleston,  1850,  p.  122. 
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1  H.'VU— Aug. 


li'}0 — Aug. 
lir>0— Aug. 


K>1 — May. 
1851 — May. 


1H;'«1 — May. 
I'^ra— May. 


1^')! — Aug. 

IHi'il — Aug. 
isrvl — Aug. 

JrH.v^— Mar. 
lnr»:^t — July. 

l^'v,\ — July. 


lHr>4— May. 


1854— May. 


lHr>4— May. 


1^*14-  -June. 
1^455—Feb. 


Method  used  in  tho  Coast  Survey  for  .showiDg  the  results  of  cnrmt 
observations.    Froc.  Amtr.  Aaaac. ,  yew  Haven,  18.50,  p.  70 ;  C.  8.  £(^ 

1850,  p.  136. 
Remarks  upon  the  meeting  of  the  American  Asitociation  at  Chsrlestflii, 

in  March,  1850.    Proc.  Amer.  Assoc.^  Xvw  UaveMf  1850,  p.  159. 
Notes  of  a  discussion  of  tidal  observations,  in  connection  with  the  Coiit 

Survey,  made  at  Cat  Island,  in  the  Gulf  of  Mexico.     Proc  Amer.  Amt, 

New  Hareriy  1850,  p.  281 ;    Amer,  Joum.  Sci,,  xii,  341 ;   C.  S.  Rtf.,  Iftl 

p.  127. 
Current  chart  of  New  York  Bay,  from  observations  in  the  Coast  Surrey. 

Proc.  Amer.  Assoc.,  Cincinnati,  1851,  p.  43. 
Comparison  of  curves  showing  the  honrly  changes  of  magnetic  declioA- 

tion  at  Philadelphia,  Toronto),  and  Hobartou  from  April  to  Angiutfasd 

from  October  to  February,  and  for  March  and  September.    Proc.  Amir. 

Assoc.,  Cincinnati,  1851,  p.  62. 
On  the  determination  of  tho  velocity  of  sound  by  the  method  of  coin* 

cidences.    Proc.  Amer.  Assoc.,  Cincinnati,  1851,  p.  75. 
Notes  on  the  use  of  the  zenith  telescope  in  determining  latitudes  in  tbe 

Coast  Survey  by  Talcott's  method,  and  on  the  reduction  of  the  obter 

vations.      Proc.  Amer.  Assoc.,  Cincinnati,  1851,  p.  151  ;   Amer.  Jotam.  Sei, 

xiv,  191. 
Additional  notes  of  a  discussion  of  tidal  observations  made  in  connectioa 

with  the  Coast  Survey  at  Cat  Island,  Louisiana.    Proc.  Amer.  AtMt, 

Albany^  1851,  p.  94  ;  Amer.  Joum.  Sci.,  xiv,  346 ;  C.  S.  Hep.,  1852,  p.  111. 
Notes  on  the  tides  at  Sand  Key,  near  Key  West,  Florida.    Proc.  Amir. 

Assoc.,  Albany,  1851,  p.  138. 
Address  on  retiring  from  the  duti(\s  of  president  of  the  American  Asro- 

ciation  for  the  Advancement  of  Science.    Pi'Wi.  Amer.  Assoc,  Albawfj 

1851,  p.  41. 

Report  on  the  harbor  of  Charleston,  South  Carolina,  (as  chairman  of  a 

committee.) 
On  the  tides  at  Key  West,  Florida,  from  ol>servations  made  in  connectioo 

with  the  United  States  Coast  Survey.     Proc.  Amer.  Assoc.,  dtreUad, 

1853,  p.  32  ;  A%ier.  Joum  Sci.,  xviii,  305 ;  C.  S.  Itep.,  1853,  p.  71. 

On  tho  tides  of  the  western  coast  of  the  United  States,  from  observatiou 
at  San  Francisco,  California,  in  conntn^tion  with  the  United  States 
Coast  Survey.  Proc.  Amer.  Assoc.,  Cleveland,  185^),  p.  42;  Amer.Jsurt. 
Sci.,  xxi,  1 ;  C.  S.  Rep.,  1853,  p.  77. 

Preliminary  determination  of  co-tidal  lines  on  tho  Atlantic  coast  of  tbe 
United  States,  from  the  Coast  Survey  tidal  observations.  Proc  Amer^ 
Assoc,   Washington,  1854,  p.  107;  Amtr.  Journ.  Sci.,  xxi,  14;  C.S.Btf*f 

1854,  p.  147. 

Comparison  of  the  diurnal  inequality  of  the  tides  at  San  Diego,  Sib 
Francisco,  and  Astoria,  on  the  Pacific  coast  of  the  United  States,  from 
observations  in  connection  with  the  Coast  Survey.  Proc  Amer.  Aitod 
Washington,  1854,  p.  161 ;  Amer.  Joum.  Sci.,  xxi,  10 ;  C  S.  Sep.,  ISM, 
p.  152. 

On  the  distribution  of  temperature  in  and  near  the  Gulf  Stream,  offtlM 
coast  of  the  United  States,  from  observations  made  in  the  Cotft 
Survey.  Proc.  Amer.  Assoc,  Washington,  1854,  p.  134 ;  Amer.  Jiftr*' 
Sci.,  xxi,  29 ;  C,  S.  Pep.,  1854,  p.  156. 

Second  report  on  the  harbor  of  Charleston,  South  Carolina. 

Discussion  of  observations  for  the  isodynamic,  isogonic,  and  isocUnal 
curves  of  terrestrial  magnetism,  on  and  near  the  line  of  the  boundary 
survey  between  the  United  States  and  Mexico,  made  in  l8l9-)853, 
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under  the  order  of  W.  H.  Emory,  and  combined  with  observations  at 

San  Francisco,  California,  and  Dollar  Point,  (£.  Base,)  and  Jupiter, 

Texas.    Mem,  Amer,  Acad,  Arts  and  Sci,j  v,  372. 
>— Ang.      Approximate  co-tidal  lines  of  the  Pacific  coast  of  the  United  States, 

from  observations  in  the  United  States  Coast  Survey.    Proc,  Amer. 

A880c,y  Providence,  1855,  p.  144 ;  C.  S.  Bep.y  1855,  p.  338. 
) — ^Ang.      Notice  of  the  tidal  observations  made  on  the  coast  of  the  United  States, 

on  the  Gulf  of  Mexico,  with  type-curves  at  the  several  stations,  and 

their  decomposition  into  the  curves  of  diurnal  and  semi-diurnal  tides* 

Proc,  Amer,  Aasocy  Provvdenoty  1855,  p.  152  /  Amer,  Joum,  Sci,f  xxi,  128 ; 

C,  S,  Bep,j  1855,  p.  346. 
) — Aug.      Notice  of  earthquake  waves  on  the  western  coast  of  the  United  States 

on  the  23d  and  25th  of  December,  1854.    Proc,  Amer,  AsaoCy  ProvidenoCy 

1855,  p.  153 ;  Amer,  Joum,  Scly  xxi,  37 ;  C,  S.  Sep.,  1855,  p.  342. 

i— Dec.      Report  to  New  York  harbor  commissioners,  on  surveys  of  New  York 

Harbor. 
3 — Jan.       Annual  address  before  the  American  Geographical  Society,  being  a  paper 

upon  the  Gulf  Stream.    Bulletin  Amer,  Geogr,  Soc,,  ii,  94. 
5 — Aug.      Approximate  co-tidal  lines  of  diurnal  and  semi-diurnal  tides  of  the  coast 

of  the  United  States  on  the  Gulf  of  Mexico.    Proc  Amer.  Assoc,,  Alhanyy 

1856,  p.  168 ;  Amer,  Joum,  Sci.y  xxiii,  12 ;    C,  S,  Eep.y  1856,  p.  252. 

5 — Aug.  On  the  general  distribution  of  terrestrial  magnetism  in  the  United  States,, 
from  observations  made  in  the  United  States  Coast  Survey  and  others, 
(in  connection  with  Mr.  J.  E.  Hilgard.)    Proc,  Amer.  Assoc.,  Albany,. 

1856,  p.  187 ;  Amer,  Joum.  Sci,,  xxvi,  1 ;  C,  8.  Rep,,  1856,  p.  209. 

5 — Ang.  Observations  to  determine  the  cause  of  the  increase  of  Sandy  Hook, 
made  by  the  Coast  Survey  for  the  commissioners  on  harbor  encroach- 
ments. Proc,  Amer,  Assoc,,  Alhanyy  1856,  p.  171 ;  Amer,  Joum,  Sci., 
xxiU,  16 ;  a  8.  Bep,,  1856,  p.  263. 

3 — Aug.  Notice  of  observations  to  determine  the  progress  of  the  tidal  wave  of  the 
Hudson  River,  made  by  the  Coast  Sui-vey  for  the  commissioners  on 
harbor  encroachments.  Proc,  Amer,  Assoc.y  Albany,  173 ;  Amer,  Joum, 
Sci,,  xxiii,  17. 

5 — Ang.  Notes  on  the  progress  made  in  the  Coast  Survey  in  prediction-tables  for 
the  tides  of  the  United  States  coast.  Proc.  Amer.  Assoc.,  Albany^  1856, 
p.  166;  C.  8.  Bep.,  1856,  p.  249.  * 

6 — Oct.  Anniversary  address  before  the  American  Instittlte  of  the  city  of  New 
York,  during  the  twenty-eighth  annual  fair.    New  York,  1857,  pp.  60. 

6 — Dec.  Report  to  New  York  harbor  commissioners  on  the  progress  of  the  survey 
of  New  York  harbor.  | 

6 — Dec.  Notes  on  the  winds  of  the  coast  of  the  United  States  on  the  Gulf  ol 
Mexico.     C.  S.  Bep.,  p.  272. 

6 — Dec.       Report  of  Superintendent  of  Weights  and  Measures. 

7— Aug.  Notice  of  the  determination  of  the  longitude  of  Feruandina,  Amelia 
Island,  Florida,  by  means  of  chronometer  exchanges  from  Savannah,, 
Georgia,  (in  connection  with  Mr.  C.  A.  Schott.)  Proc,  Amer,  Assoc., 
Montreal,  1857,  p.  166;  C.  S,  Bep,  1857,  p.  314. 

'7 — Aug.  On  the  heights  of  the  tides  of  the  Atlantic  coast  of  the  United  States, 
from  observations  in  the  Coast  Survey.    Ptoc.  Amer.  AssoCy  Montreal, 

1857,  p.  175 ;  Amer,  Joum,  Sd.,  xxv,  47 ;  C.  8.  Bep.,  p.  342. 

)7 — ^Aug.  On  the  winds  of  the  western  coast  of  the  United  States,  from  observa- 
tions in  connection  with  the  United  States  Coast  Survey.  Proc,  Amer. 
AssoCy  Montreal,  1857,  p.  183 ;  Am^,  Joum,  Sd.,  xxv,  52 ;  C.  8.  Bep,, 
1857,  p.  354. 
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1857— Aug. 


1857— Dec. 
1858— May. 

1858— May. 

1858— July. 

ia5^-Feb. 
1859— Jane. 
185D— Aug. 


1859— Aug. 


1&59— Nov. 


1860— Aug. 
1860— Aug. 


1860— Aug. 

1860— Sept. 
1862— June. 


1862— June. 


18G2-«ept. 


Notes  on  the  measurement  of  the  base  of  the  primary  trianguUtion  of 
the  eastern  section  of  the  coast  of  the  United  States,  on  EppingPUiu, 
Maine.  Proa,  Amor,  A890C.y  Montreal^  1857,  p.  160;  Jmer.  Jovnt  &i^ 
XXV,  p.  58 ;  C.  S,  Rtp.,  1857,  p.  302. 

Report  relative  to  the  New  York  harbor  survey.  U.  8.  SenaU  Doc,  16^, 
No.  16. 

On  a  supposed  personal  equation  in  the  use  of  the  zenith  telescope,  for 
determining  latitudes  by  Talcott's  method.  Proc  Amor.  Jmoc,  Ba\&- 
more,  1858,  p.  14;  C.  S.  Bep.,  1858,  p.  184. 

On  the  tidal  currents  of  New  York  Bay,  near  Sandy  Hook.  Proc  Jwr- 
Assoc,  Baltimore,  1858,  p.  80;  Amer,  Journ,  8cL,  xxvi,  334 ;  C.  &  J^ 
1858,  p.  197. 

Defense  of  Dr.  Gould,  by  the  scientific  council  of  the  Dudley  Obtem- 
tory,  (in  connection  with  Professors  Joseph  Henry  and  Benj.  Peiroe.) 
Albany,  1858,  pp.  91. 

Address  before  the  Alumni  Association  of  the  Central  High  School  PUt- 
delphia,  1859. 

Address  in  tribute  to  the  memory  of  Humboldt.  The  Pulpit  tad  Bm. 
irum,  No.  6. 

General  account  of  the  results  of  the  discussion  of  the  decliDomcier 
observatiops,  made  at  Girard  College,  Philadelphia,  between  the  yean 
1840  to  1845,  with  special  reference  to  the  eleven-year  period.  Fm, 
Amer,  Assoc.  ^  Sprinfffield,  18*59,  p.  248. 

Gulf-Stream  explorations.  Third  memoir.  Distribution  of  temperature 
in  the  water  of  the  Florida  Channel  and  Straits.  Proc  Jswr.  Assoe^ 
Springfield,  1859,  p.  257 ;  Amer.  Joum,  Sci.,  xxix,  199 ;  C.  8.  Bep,,  1869, 
p.  306. 

Discussion  of  the  magnetic  and  meteorological  observations  made  at  the 
Girard  CoUege  observatory,  Philadelphia,  in  1840  to  1845,  Psrt  L 
Investigation  of  the  eleven-year  period  in  amplitude  of  the  wlir 
diurnal  variation,  and  of  the  disturbances  of  the  magnetic  declioatioD. 
pp.  22.  Smiths,  Contrib,  to  Knowledge,  vol.  xi,  art.  iv  ;  C,  8,  Bip,,  185il, 
p.  278. 

Lecture  on  tho  Gulf  Stream.  Proc  Amer,  Assoc,  Newport,  1860,  p.  xlix; 
Amer,  Joum,  8oi.,  xxx,  313;  C,  8,  Bep,,  1860,  p.  165. 

General  account  of  the  results  of  Part  U  of  the  discussion  of  the  dcfli* 
nometer  observations  made  at  the  Girard  College,  Philadelphia,  be 
tween  1840  and  1845,  with  special  reference  to  the  solar  diurnal  Taria* 
tion  and  its  annual  inequality.  Proc  Amer.  Assoc,  Newport,  1860,  p. 74; 
Amer,  Joum.  ScL,  xxxi,  197. 

Abstract  of  a  discussion  of  the  influence  of  the  moon  on  the  dedlDatkio 
of  the  magnetic  needle,  from  the  observations  at  the  Girard  College* 
Proc  Amer.  Assoc,  Newport,  1860,  p.  83 ;  Amer.  Joum.  8ci.,  xxxi,  9B. 

Observations  of  the  solar  eclipse  of  I860,  July  18,  at  the  Coast  Surrey 
station,  Gunstock  Mountain.    Astron.  Joum,,  vi,  157. 

Discussion  of  the  magnetic  and   meteorological  observations  made  %^ 
the  Girard  College  observatory,  Philadelphia,  in  1840  to  1845,  Part  H^ 
Investigation  of  the  solar  diurnal  variation  of  the  magnetic  declina- 
tion and  its  annual  inequality,  pp.  28.    Smiths.  Contrib.  to  KnmpL,  vol 
xiii,  art.  V ;  C.  8,  Bep.,  1860,  p.  293. 

Discussion  of  the  magnetic  and  meteorological  observations  made  at  ibe 
Girard  College  observatory,  Philadelphia,  in  1840  to  1845,  Part  UL 
Investigation  of  the  influence  of  the  moon  on  the  magnetic  declinatioii, 
pp.  16.  8miths,  Contrib.  to  Knowl,  voL  xiii,  art  vi ;  C.  8.  Bep,,  1860,  p.  31i. 

Abstract  of  a  discoaslou  of  the  horizontal  component  of  the  magnetio 
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force,  from  observations  made  at  the  Girard  College  observatory,  Phil- 
adelphia, in  the  years  1840  to  1845.    Amer.  Jaum,  Sd,,  zxxiv,  261. 

i — ^Nov.  Discussion  of  the  magnetic;  and  meteorological  observations  made  at  the 
Giraid  College  observatory,  Philadelphia,  in  1840  to  1645,  second  sec- 
tion, comprising  Parts  IV,  V,  YL  Horizontal  force,  investigation  of 
the  ten  or  eleven  year  period,  and  of  the  disturbances  of  the  horizontal 
component  of  the  magnetic  force ;  investigations  of  the  solar  diurnal 
variation  and  of  the  annual  inequality  of  the  horizontal  force,  and 
the  lunar  effect  on  the  same,  pp.  78.  Smiths,  C<mtrib,  to  KnowLy  vol.  ziii, 
art  viii ;  C.  S,  Rep.,  1862,  p.  161. 

— ^Nov.  Abstract  of  an  investigation  of  the  solar  diurnal  variation  of  the  annual 
inequality  of  the  horizontal  component  of  the  magnetic  force,  from 
observations  made  at  the  Girard  College  observatory,  between  1840 
and  1845.    Amer,  Joum,  8d,y,  zzziv,  373. 

— ^Nov.  Abstract  of  a  discussion  of  the  influence  of  the  moon  on  the  horizontal 
magnetic  force^from  observations  made  at  the  Girard  College  observa- 
tory, in  the  years  1840  to  1845.    Amer.  J&wm,  SoL,  zxxiv,  381. 

— Dec.  Additional  researches  on  the  co-tidal  lines  of  the  Gulf  of  Mexico.  C.  S. 
Sep.,  1862,  p.  126. 

— Jan.  Eulogy  on  Hon.  James  Alfred  Pearce.  Annwal  Beport  of  BegetUa  Smith- 
eoman  InstUuiion/or  1862,  p.  100. 

— May.  Abstract  of  results  of  a  magnetic  survey  of  Pennsylvania  and  parts  of 
adjacent  States  in  1840  and  1841,  with  some  additional  results  of  1843 
and  1862,  and  a  map.  Amer.  Joum.  ScL,  xxxv,  359;  C.  S.  Sep.,  1862, 
p.  212. 

— Oct.  Records  and  resultsfof  a  magnetic  survey  of  Pennsylvania  and  parts  of 
adjacent  States  in  1840  and  1841,  with  some  additional  records  and 
resulto  of  1834, 1835, 1843^  and  1862,  and  a  map,  pp.  88.  Smithi.  Ckmtrib. 
to  KnowLf  vol.  xili,  art.  viii. 

— ^May.  Discussion  of  the  magnetic  and  meteorological  observations  made  at  the 
Girard  College  observatory,  Philadelphia,  in  1840  to  1845,  third*  sec- 
tion, comprising  Parts  VII,  VIII,  IX.  Vertical  force.  Investigation 
of  the  eleven  (or  ten)  year  period,  and  of  the  disturbances  of  the  ver- 
tical component  of  the  magnetic  force,  and  appendix  on  the  magnetic 
effect  of  the  aurora  borealis ;  with  an  investigation  of  the  solar  diurnal 
variation,  and  of  the  annual  inequality  of  the  vertical  force,  and  of 
the  lunar  effect  on  the  vertical  force,  the  inclination  and  total  force,  pp. 
72.    Smiths.  Contrib.  to  Knowl,  voL  xiv,  art.  ii;  C.  S.  Bep.,  1863,  p.  156. 

— Jan.  Discussion  of  the  magnetic  and  meteorological  observations  made  at  the 
Girard  College  observatory,  Philadelphia,  in  1640  to  1845 ;  fourth  sec- 
tion, comprising  Parts  X,  XI,  XII.  Dip  and  total  force.  Analysis  of 
the  disturbances  of  the  dip  and  total  force ;  discussion  of  the  solar 
diurnal  variation  and  annual  inequality  of  the  dip  and  total  force ; 
and  discussion  of  the  absolute  dip,  with  the  final  values  for  declination, 
dip,  and  force,  between  1841  and  1845,  pp.  44.  Smitihe.  Ccntrih.  to  Knowl, 
vol.  xiv,  art  iii ;  C.  S.  Sep.,  1864,  p.  183. 

to  1863.    Annual  reports  of  the  progress  of  the  United  States  Coast  Survey. 

to  1848.    Annual  reports  of  Superintendent  of  Weights  and  Measures. 

•  to  1863.  Tide  tables  for  the  use  of  navigators,  prepared  from  the  Coast  Survey 
observations,  annually. 

Llso,  the  following  reports  concerning  harbors,  jointly  with  Messrs. 
;ten  and  Davis : 

\ — ^Mar.      Report  upon  Cape  Fear  River  and  harbor, 
I— Oct.      Beport  of  Portland  harbor  oommission. 


116       EULOGY   ON   PROFESSOR   ALEXANDER   DALLAS   BACHE. 


1855— Mar. 
1855— Dec. 

1856— July. 


1856— July. 


1856— Sept. 


ta56— Oct. 


1856— Dec. 


ia56— Dec. 


1857— Feb. 


1857— Mar. 


1860— Mar. 

• 


1860— Dec. 
1860— Dec. 

1860— Dec. 

1861— Sept. 
1861— Sept. 
1863— April. 
1864— Mar. 
1864— Mar. 


Second  report  of  the  commissioners  on  Portland  harbor. 

Rex)ort  of  advisory  council  of  the  New  York  harbor  commiauoii.  .Voi 

York  Assembly  Docy  1856,  No.  8. 
Report  of  the  advisory  council  of  the  New  York  harbor  commueioo, 

recommending  certain  lines  in  the  East  and  North  Riven,  and  in 

Brooklyn.    New  York  Senate  Doc,  1857,  No.  40,  p.  107. 
Report  of  the  advisory  council  of  the  New  York  harbor  commimon  oo 

Gowanus  Bay  and  its  improvements.    New  York  Senate  Doc,  l^,>'o. 

40,  p.  118. 
Report  of  the  advisory  council  of  the  New  York  harbor  commission  on 

the  Hell  Gate  Passage,  regarded  as  a  channel  of  approach  to  New  York 

harbor.    New  York  Senate  Doc,  1857,  No.  40,  p.  137. 
Second  general  report  of  the  advisory  council  to  the  harbor  commu- 

sioners,  on  lines  in  New  York  harbor.    New  York  Senate  Doe.,  1857,  Sa 

40,  p.  81. 
Report  of  the  advisory  council  to  the  commissioners  on  harbor  eDcroacfa- 

ments  of  New  York,  in  regard  to  safe  and  commodious  anchongee 

in  New  York  harbor,  for  the  purposes  of  the  quarantine  of  vesseb. 

New  York  SenaU  Doc.,  1857,  No.  40,  p.  132. 
Report  of  the  advisory  council  to  the  New  York  harbor  comminionea 

upon  Harlem  River  and  Spuyten  Duy  vil  Creek.    Netc  York  Senate  Dot, 

1857,  No.  40,  p.  151. 
Report  of  the  advisory  council  of  lines  for  the  East  River,  for  the  short 

of  Long  Island,  and  the  east  shore  of  Staten  Island.    New  York  Seuk 

Docy  1857,  No.  126,  p.  9. 
Rex)ort  of  the  advisory  council  to  tl|e  New  York  harbor  commissioDen 

upon  the  comparative  map  of  New  York  Bay  and  harbor^  and  its  ap- 
proaches, prepared  by  the  Coast  Survey  in  March,  1857.    New  York 

Senate  Doc,,  1857,  No.  126,  p.  12. 
Preliminary  reports  of  commissioners  on  Boston  harbor.  Boston  City  Dot^ 

1860,  No.  37. 
Second  report  of  United  States  commissioners  on  the  Condition  of  Boston 

harbor.    Boston  City  Doe,,  1860,  No.  97. 

Special  report  of  the  United  States  commissioners  on  Boston  harbor,  od 

the  relation  of  Mystic  Pond  and  River  to  Boston  harbor.    Boston  Gty 
Doc,  1861,  No.  12. 

Report  of  the  advisory  council  of  the  joint  committee  of-  the  Mossacho* 

setts  legislature  on  the  subject  of  a  ship-canal  to  connect  Barnstable 

Bay  and  Buzzard's  Bay.    Mass,  Pub,  Doc,  1864,  No.  41. 
Fourth  report  of  the  United  States  commissioners  on  Boston  hArbor. 

Boston  aty  Doc,  1861,  No.  62. 
Fifth  report  of  the  United  States  commissioners  on  Boston  harbor.  Bot- 

ion  City  Doc,  1861,  No.  63. 
Sixth  report  of  the  United  States  commissioners  on  Boston  harbor.  ^ 

twn  aty  Doc,  1863,  No.  53. 
Seventh  report  of  the  United  States  commissioners  on  Boston  harbor. 

Boston  City  Doc,  1864,  No.  33. 
Eighth  report  of  the  United  States  commiasioners  on  Boston  haibor* 

Boston  City  Doc,  1864,  No.  34. 


LECTURE  OX  SWITZERLAND. 


By  Alexander  Dallas  Bache. 


e  foUowiog  lecture  on  Switzerland,  from  the  manuscript  of  Professor  Bache,  is 
•ublished  for  the  first  time  to  illustrate  in  connection  with  the  foregoing  eulogy 
bit  of  observation  and  his  facility  of  description.  It  presents,  however,  a  lively 
L  of  one  of  the  most  interesting  portions  of  the  earth,  whether  considered  from  a 
ical  or  physical  point  of  view,  and  we  doubt  not  will  be  read  with  pleasnre, 
ally  by  all  who  have  been  favored  with  a  visit  to  the  delightful  region  which  it 
bes.  The  original  notes  from  which  the  lecture  was  prepared  were  taken  during 
ofessor's  visit  to  Switzerland  in  1&37^28.  The  foot-notes,  exhibiting  the  present 
ion  of  the  country;  have  been  kindly  furnished  to  us  by  the  Hon.  Mr.  Hitz,  Swiss 
.  general  in  this  city. — J.  H.] 

ivelers  relate  that  in  certain  conditions  of  the  atmosphere  a  spec- 
standing  upon  the  shore  at  Beggio,  and  looking  upon  the  smooth 
rs  of  the  Straits  of  Messina,  sees  suddenly  rise  before  him,  as  if  by 
c,  the  walls,  towers,  palaces,  domes,  and  streets  of  a  city,  in  which 
c  life  goes  on,  men  and  animals  moving  noiselessly  to  and  fro.  The 
on  is  as  complete  as  if  the  waters  of  the  bay  were  a  foundation 
which  the  genii  of  the  lamp  or  of  the  ring  had  suddenly  erected 
magic  structures.  This  is  an  extreme  case  of  the  ordinary  illusion 
nted  to  those  who,  in  a  calm  clear  day,  look  at  distant  objects 
IS  a  wide  expanse  of  bay  or  river.  Familiar  forms  are  strangely 
rted;  level  shores  appear  precipitous  5  the  puny  sloop  swells  into 
ize  of  a  frigate ;  the  fisherman's  boat  becomes  a  dismasted  sloop, 
ts  occupant  a  giant.  Just  so  it  is  when  in  mental  vision  we  attempt 
)k  through  an  atmosphere  disturbed  by  the  habits  and  prejudices 
hich  we  are  accustomed.  Unreal  towers  and  walls  appear,  and 
ts  so  lose  their  shapes  that  the  most  familiar  forms  escape  recog- 
1.  Every  country  has  its  prejudices  resulting  from  education,  from 
te  influences,  political,  moral,  social,  and  physical  which  surround 
ict  upon  its  citizens.  By  these,  in  general,  the  observer  of  men 
tilings  is  biased,  and  lie  who  through  the  mists  of  his  national  or 
>nal  prejudices  seeks  to  realize  their  just  forms  and  proportions, 
mistake  the  pigmy  for  a  giant,  the  shallop  for  a  frigate.  ^ 

estimating  the  institutions T)f  the  Old  World  we  are  prone  to  forget 
the  materials  for  our  judgment  are  generally  furnished  by  the  opin- 
of  those  who  are  brought  up  under  a  totally  different  state  of  thiujgs 
that  which  exists  around  us.  The  conclusions  which  we  thus  form 
be  tlie  very  opposit^of  those  to  which  we  would  have  come  our- 
s,  had  our  own  prepossessions  furnished  the  inferences  from  the 
.    In  neither  case,  perhaps,  would  truth  be  amve4  at^\i\SL\»\sL  \Xi<^ 
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former  the  result  may  be  deeply  injorioas,  because  leading  to  modes 
and  habits  of  thought  and  action  not  in  harmony  with  the  peculiarities 
of  our  country. 

Impressed  with  the  importance  to  Americans  of  judging  independ- 
ently of  the  institutions  of  Europe,.!  formerly  took  occasion  in  another 
place  to  present  a  cursory  view  of  the  capital  of  Austria,  as  iUustrating 
the  effects  of  institutions  the  very  opposite  of  our  own.    I  design  on 
this  occasion  to  occupy  your  attention,  without  further  exceeding  the 
limits  of  a  lecture  than  is  absolutely  necessary,  by  a  notice  of  men  and 
things  in  the  only  federated  republic  of  Europe,  Switzerland.    I  cannot 
pretend  to  set  before  you  a  panoramic  view,  but  merely  a  few  detadied 
pictures  in  outline,  so  selected  as  to  convey  a  tolerably  fair  idea  d 
republican  Switzerland  as  it  appeared  to  an  American.    By  oonton 
plating  it  we  shall  have  an  example  of  the  practical  working  of  repub- 
licanism in  the  Old  World,  under  various  modifications,  and  with  tiie 
disadvantages  of  being  hemmed  in  on  all  sides  by  monarchies.    We  shaQ 
thus  see  the  power  of  this  system  to  civilize  and  to  enlighten. 

In  the  course  of  these  sketches,  we  shall  find  much  bearing  boQi 
directly  and  indirectly  upon  the  objects  which  this  Institute  was  estab- 
lished to  promote.  Upon  the  map  of  Europe  Switzerland  is  st  wril 
defined  by  its  boundaries  that  there  is  no  danger  of  its  escaping  the 
sight  on  account  of  its  small  size.  The  Bhine  constitutes  nearly  tiro 
sides  of  this  boundary,  from  the  point  where  the  various  streams  fitnn 
the  glaciers  of  the  Orisons  have  met  to  form  a  river  into  the  lake  oi 
Oonstance,  and  trom  its  exit  thence  to  where  the  Jura  Mountains  torn 
its  course  to  the  Northern  Ocean.  The  Jura  separates  Switzerland  from 
Erance,  and  with  merely  an  outlet  for  the  Bhone,  the  Alps  take  up  the 
line,  dividing  rugged  Switzerland  from  the  plains  of  Northern  Italy. 

The  picturesque  features  of  this  country  have  ftimished  themes  finr  Ae 
poet,  the  painter,  and  tourist  Under  the  influence  of  its  snow-capped 
mountains,  its  shady  and  sequestered  valleys,  its  rough  glaciers,  and  its 
placid  lakes,  common-place  men  have  warmed  into  something  approach- 
ing to  poetic  fervor^  and  men  of  genius  have  poured  forth  their  inspira- 
tions in  verse  or  lofty  prose.  It  is  impossible  to  call  up  even  in  memory 
those  scenes  with  all  their  attendant  circumstances  of  romance— both 
nature  and  life  so  different  from  that  to  which  we  are  accustomed— 
without  feeling  the  heart  and  the  imagination  moved  beyond  their 
wont. 

**  Who  first  beholds  those  eyerlasting  clouds^ 
^  Those  mighty  hiUs,  so  shadowy,  so  sablime, 

As  rather  to  belong  to  heaven  than  earth, 
But  instantly  receives  into  his  soul 
A  sense,  a  feeling,  that  he  loses  not; 
A  something,  that  informs  him  'tis  an  honr   ~ 
Whence  he  may  date  henceforward  and  forever.'' 

But  who  shall  dare  to.  speak  in  plain  prose  of  scenes  of  which  the  mofle 
of  Byron  has  sung  ?    The  rugged  nature  of  the  country  within  this  bound- 
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ary  has  had  its  eififect  in  determining  the  character  of  iustitatious  as 
irell  as  of  individaals.  Small  tracts  of  country  are  as  completely  sepa- 
rated by  mountains  of  difUcult  passage,  as  by  distance,  diifer  in  the 
modes  and  facilities  of  life,  have  diiferent  interests,  and  consequently 
separate  organizations.  The  character  of  the  topography  has  divided 
the  country  into  many  small  states,  and  has  produced  striking  differ- 
ences in  language  and  manners,  in  religions,  social  and  political  organ- 
ization, in  a  country  of  not  more  than  one-third  the  extent  of  Pennsyl- 
vania, and  with  about  the  same  population  of  that  entire  State. 

The  present  Swiss  confederation  consists  of  twenty-two  sovereign 
states  called  cantons,  the  division  of  which,  according  to  geographical 
position,  includes  also  that  of  language.*  Thus  the  north  and  middle  of 
Switzerland  contains  the  sixteen  cantons  where  a  dialect  of  the  German 
is  spoken,  Zurich  being  the  principal  canton  ou  the  north,  and  Berne 
in  the  middle.  To  the  west  and  south  of  the  middle  are  the  mixed 
German  and  French  cantons  of  Neuch^tel,  Friberg,  and  Valais;  to  the 
southeast  the  mixed  German  Bomauic  and  Italian  canton  of  the  Grisons, 
or  gray  league,  subdivided  into  its  little  sovereign  states.  On  the  south- 
west are  the  French  cantons  of  Vaud  and  Geneva,  and  on  the  south  of 
the  middle  the  Italian  canton  of  Tessin.  While  the  language  spoken 
by  these  people  is  determined  by  their  proximity  to  those  who  speak  it 
in  its  purity,  their  social,  religious,  and  political  institutions  may  almost 
be  said  to  be  uninfluenced  by  this  circumstance.  These  are  the  results 
of  other  causes,  many  of  which  may  be  found  in  their  history. 

A  Florentine  scholar  relating  to  me  unpublished  anecdotes  of  the 
horrors  enacted  by  members  of  the  far-famed  family  of  the  Medici,  with 
Italian  fervor  broke  out  into  this  apostrophe :  '^  Happy  your  great  coun- 
try, which  has  not  the  chains  of  a  dark  history  to  bind  it  to  the  institu- 
tions and  manners  of  a  by-gone  age.  Beware  how  you  men  of  the  pre- 
sent day  sully  the  pure  page  which  records  the  actions  of  your  forefathers, 
of  your  Adams,  your  Franklin,  your  Washington." 

The  condition  of  a  country  at  a  past  day  must  assuredly  influence  its 
present  state  as  the  summer's  sun  upon  the  snow-covered  mountains  of 
the  Alps  increases  the  autumnal  flow  of  the  river  whose  sources  lie 
among  them,  or  as  the  accumulation  of  the  winter's  snow  upon  the 
mountain's  peak  produces  the  summer's  avalanche. 

The  history  of  the  Swiss  republics  shQws  the  circumstances  which 
prepared  and  the  impulses  which  gave  existence  to  each,  and  a  glorious 
history  it  is  upon  which  to  found  progress  in  virtue  and  liberty. 

Nearly  in  the  center  of  Switzerland  is^  a  mountainous  district  which 
the  Romans  never  reached,  into  which  the  bands  of  Attila  never  pene- 
trated, and  where  no  ruins  of  feudal  castles  exist  to  show  that  in  the 

•To  wit:  Zurich.  Berne,  Lncerne,  Uri  Schwyz,  UnterwaWen,  (upper  and  lower,) 
Glarus,  Zug,  Friburg,  Sol  erne,  Basil,  (city  and  countrj',)  Schaffbausen,  Appenzel,  (botb 
Bhodes,)  St.  GaUen,  Grisons,  Aargan,  Tburgan,  Tesain,  Vaud,  Valais,  Neucbatel,  and 
Geneva. 
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Middle  Ages  tbe  inhabitants  li«ad  a  master.  Divided,  generally,  by  roiy 
barriers  into  separate  communities,  the  peoi)le  are  in  a  degree  united  by 
the  beautiful  lake  of  the  Forest  cantons.  These  people,  from  the  ear- 
liest records,  have  been,  and  are  now,  poor  and  pastoral.  They  form  tlie 
democratic  cantons  of  Schwyz,  Uri,  and  Unterwalden,  the  uucleos  ot 
Swiss  confederation.  As  early  as  the  twelfth  century  they  had  a  repre- 
sentative at  the  court  of  the  Emperor  of  Germany,  then  the  titular  sov- 
ereign of  Switzerland.  Rudolph  of  Habsburg,  whose  castle  was  near 
the  confluence  of  the  Reuss  and  the  Aar,  the  father  of  the  founder  ot 
the  house  of  Austria,  was  eleeted  the  representative  of  these  peasants, 
and  subsequently  the  family-  claimed  the  dignitary  to  be  hereditary. 
This  claim  was  never  admitted,  and  to  its  impolitic  enforcement  by 
Albert  of  Habsburg,  accompanied  by  circumstiinces  of  peculiar  indignity 
on  his  own  part,  and  of  great  cruelty  and  oppression  on  the  part  of  his 
bailiff  Gessler,  was  owing  the  revolution  headed  by  Tell  and  his  com- 
panions. 

In  pursuit  of  these  same  hereditary  rights,  Frederick  of  Austria,  witii 
his  armies,  entered  the  Forest  cantons  by  their  mountain  passes,  deter- 
mined to  overrun  and  crush  them.  He  was  successfully  resisted  at  the 
pass  of  Morgarteu  by  one  thousand  three  hundred  men,  and  nine  thou- 
sand of  his  troops  perished  in  this  defeat.  Thus  was  developed  that 
fierce  military  spirit  which  has  led  the  Swiss  of  every  age  to  acts  of  tbe 
most  devoted  heroism. 

From  their  wars  with  the  dukes  of  Austria,  the  Swiss  came  ont  in 
1412  with  eight  cantons  recognized  as  independent.    The  appetite  for 
war  had  been  whetted  by  this  successful  resistance  to  oppression,  and 
was  carried  to  its  height  by  the  defeat  of  Charles  the  Bold  of  Burgundy, 
and  of  his  magnificent  troops,  at  Grandson  and  at  Morat.    The  spoils 
of  these  great  armies  suddenly  enriched  the  people.    Labor  was  neg- 
lected and  fell  into  contempt,  and  the  profession  of  arms  alone  consid- 
ered worthy  occupation  for  a  Swiss.    The  nation  was  for  a  time  debased 
by  a  mercenary  military  spirit,  and  it  required  two  c^>nturies  of  blood- 
shed to  impress  the  lessons  necessary  to  their  regeneration.    The  wars 
of  the  Reformation  gave  the  last  of  this  series  of  unhappy  lessons,  and 
at  their  close  left  the  several  cantons  confirmed  in  their  attachment  to 
the  same  churches  in  behalf  of  which  they  had  expended  to  no  purpose 
their  blood  and  treasure.    In  1712  the  confederation  had  attained  nearly 
it«  present  limits,  but  some  of  the  present  cantons  were  held  as  trib- 
utary provinces  by  the  others.    The  Swiss  spirit  of  former  days  burst 
forth  when  republican  France  began  to  proselyte  by  force  of  arms,  and 
the  constitution  of  the  new  Helvetic  republic  was  presented  at  the  point 
of  the  sword,  and  enforced  by  its  edge.    While  the  cantons  of  the  plain 
were  held  by  the  French  armies,  pleasantly  occupied  in  appropriating 
the  savings  of  the  aristocrats,  and  in  giving  liberty  to  the  people  by 
depriving  them  of  their  independence,  the  Forest  cantons  dared  to 
declare  that  they  had  been  free  since  the  days  of  Tell,  and  Melchthal, 
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and  Winkelried ;  that  they  required  no  lessons  in  self-government,  and 
'Would  resist  invasion  of  their  civil  and  religious  rights  to  the  death. 
Aloys  Reding,  a  descendant  of  Kudolph,  who  had  defeated  Frederick  of 
Austria  at  the  pass  of  Morgarten  five  hundred  years  before,  occupied 
again  that  Thermopylae  of  his  country.  The  mode  of  warfare  had 
changed;  personal  strength  has  little  advantage  in  contests  with  fire- 
arms ;  rocks  and  stones,  though  launched  from  mountain  heights,  are 
imperfect  substitutes  for  cannon  balls ;  numbers  can  no  longer  be  coun- 
terbalanced by  valor.  Four  thousand  men,  aided  by  their  women  and 
cbildreu,  held  this  pass  two  days  against  forty  thousand,  but  at  last 
were  forced  to  yield,  and  the  Forest  cantons  received  the  constitution 
which  they  could  no  longer  resist. 

The  days  of  the  Jacobins  passed ;  those  of  the  First  Consul  and  Empe- 
ror dawned,  waxed,  and  waned,  and  Switzerland  was  the  battle-ground 
ou  which  the  French,  Austrians,  and  Eussians  contended,  everywhere 
desolating  the  country  with  fire  and  sword.    The  pacification  of  Europe 
put  au  end  to  the  horrible  scenes  then  enacted,  and  the  republics  of 
Switzerland  were  left  to  reorganize  themselves,  affording  in  their  rapid 
recovery  from  their  desolate  condition  a  strong  evidence  of  the  energy 
of  the  people.    The  organization  then  adopted,  with  souic  changes,  exists 
at  present.    Forty  years  of  exemption  from  w^ar  have  obliterated  the 
external  marks  of  the  misery  of  the  country,  but  in  the  institutions  of 
the  different  States  the  influence  of  their  past  history  is  still  entirely 
visible. 

The  rough  sketches  which  I  must  pass  rapidly  before  you,  to  give 
some  idea  of  the  present  condition  of  the  country,  will  be  taken  from 
the  French  and  German  cantons— those  which  exercise  the  most  influ- 
ence upon  Switzerland  as  it  is,  and  as  it  will  be. 

Geneva,  the  oldest  city  of  the  confederation,  is  the  frontier  to wn  upon 
the  southwest.    Its  foundation  dates  before  that  of  Eome  itself.    The 
inhabitants  were  among  those  Helvetians  whom  the  fortune  of  war  at 
last  put  at  the  mercy  of  the  Eomans  who  occupied  the  city  with  their 
legions.    The  Middle  Ages  found  it  a  place  of  importance  under  the  sov- 
ereignty of  the  Duke  of  Savoy  ;  the  see  of  a  bishop,  nominated  by  the 
duke,  who  was  the  temporal  as  well  as  the  ecclesiastical  ruler.    History 
represents  its  moral  and  intellectual  condition  to  have  been  low,  its 
commerce  moderate.    Under  the  preaching  of  Farel  in  1535  the  citizens 
declared  for  the  Eeformation,  and  drove  the  bishop  from  their  walls. 
In  1536,  Calvin,  a  native  of  Picardy,  came  among  them,  and  by  his  pow- 
erful preaching  brought  about  a  second  reformation  which  changed 
entirely  not  only  the  face  of  society,  but  the  habits  and  modes  Of  thought 
and  action  of  the  people. 

At  a  little  distance  from  the  water  the  shores  of  Lake  Leman,  or  the 
Lake  of  Geneva,  rise  abruptly,  and  on  this  irregular  ground,  just  where 
theEhone  issues  from  the  lake,  the  city  is  built.  The  nature  of  the  site 
thus  divides  Geneva  into  an  upper  and  lower  town.    Below,  and  ou  the 
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steep  streeto  occupying  the  slope,  are  the  houses  and  shops  of  the  tradcA- 
men,  and  on  the  hill  are  those  of  the  more  wealthy  citizens,  onoe  tbe 
Genevese  aristocracy.  The  suburb  on  the  opposite  bank  of  the  Rhone  is 
joined  by  bridges  to  the  old  town,  and  rivals  the  hill-top,  by  its  fine 
houses.  The  town  is  surrounded  by  ramparts,  once  of  use  to  resist  ene^ 
uiies  and  now  affording  pleasant  promenades.  These  ramparts  often 
protected  the  town  in  times  gone  by,  but  did  not  prevent  its  occupation  by 
the  French  in  1798,  and  must  necessarily  yield  to  any  enemy  which  haa 
the  means  of  bombarding  the  city.  The  conviction  of  their  inutihty  has 
led  the  liberal  governments  of  Berne  and  Zurich  to  raze  these  ramparts 
to  the  ground.* 

The  anniversary  of  an  unsuccessful  attempt,  by  the  Savoyanls,  in  1602? 
to  surprise  the  city,  is  still  celebrated.  Under  cover  of  a  dark  night,  and 
by  the  use  of  scaling  ladders  painted  black  the  better  to  conceal  them, 
a  party  of  the  enemy's  pioneers  had  mounted  the  walls  and  x>enetrated 
into  the  town,  when  they  were  discovered  by  the  careless  watch.  Tbe 
citizens  were  surprised  but  not  daunted,  and  issuing  from  their  houses 
with  such  arms  as  they  could  seize,  fell  upon  the  invaders.  The  first  gnu 
fixed  from  the  ramparts  carried  away  several  of  the  scaling  ladders,  and 
prevented  succor.  In  the  morning  the  people  assembled  in  the  venerable 
church  of  St.  Peter,  when  the  pastor  opened  public  worship  by  giving 
out  the  124th  Psalm;  and  since,  on  every  12th  of  December,  the  same 
sounds  arise  from  the  voices  of  many  worshipers : 

''  If  it  had  not  been  the  Lord  who  was  on  oar  side,  now  may  Israel  say  : 

*'  If  it  had  not  been  the  Lord  who  was  on  oar  side  when  men  rose  ap  against  os.^ 

The  University  of  Geneva  was  founded  by  Calvin,  in  1564,  and  hw 
always  enjoyed  a  high  reputation.    In  order  to  connect  it  advantage- 
ously with  the  grammar  schools  which  prepare  its  pupils,  the  auditories 
have  been  provided,  in  which  the  character  of  the  studies,  the  modes  of 
teaching,  and  the  discipline  are  int'Crmediate  between  those  of  the  school 
and  of  the  university.    Public  instruction  is  under  the  control  of  the 
^uncil  of  state,  but  while  the  impress  of  the  best  minds  in  this  intel- 
lectual city  is  upon  its  higher  institutions^  the  common  schools  are  Dot, 
nor  can  they  soon  be  made,  what  they  ought  to  be.    Like  most  of  their 
fellow-republicans  of  the  United  States,  the  Genevese  began  their  educa- 
tional edifice  at  the  top.    They  have  yet  to  learn  that  parsimony  in 
education  under  a  popular  government  is  waste ;  that  unless  instruction 
be  really  public  it  is  better  left  entirely  in  the  hands  of  individuals; 
that  it  is  in  vain  to  move  the  waters  and  then  to  pretend  to  say  to  the 
raised  wave,  thus  far  shalt  thou  go  and  no  farther.     The  Genevese  youth 
of  families  in  easy  circumstances  find  means  of  the  best  education :  do 
they  on  this  account  effectively  control  those  to  whom  the  so-called  re- 
public gives  less  light!    Witness  the  frequent  revolutions  in  this  city, 
and  these  not  always  without  bloodshed.    The  government  is  founded 

*  The  ramparts  here  referred  to  have  aU  been  removed,  and  Geneva  at  the  present 
date  (1^1)  presents  no  evidences  of  ever  having  been  a  fortified  city. 
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%  popular  revolation,  and  all  attempts  to  impede  the  progress  of  pop- 
*  institations  most  in  the  end  prove  fatile.  If  the  light  of  education 
lenied  to  the  people  by  their  rulers,  the  revolutions  will  be  bloody; 
in  no  case  can  there  be  happiness  or  safety  without  the  full  exercise 
opolar  rights,  by  a  thoroughly  educated  people.* 
alvin,  as  head  of  the  consistory,  whose  members  then  formed  one- 
d  of  the  council  of  state,  governed  Geneva,  and  impressed  his  own 
:ere  character  upon  the  laws  and  manners.  Public  amusements 
e  prohibited  and  private  regulated.  The  number  of  guests  to  be 
ted  to  weddings  of  the  first,  second,  and  third  class,  was  made  the 
iect  of  municipal  regulation.  All  dancing  was  interdicted,  and 
m  it  was  found  that  if  the  vioUn  were  played  people  would  dance, 
ase  of  the  instrument  was  prohibited.  The  absence  of  light  amuse- 
its,  together  with  religious  feeling,  naturally  led  to  a  greater  use  of 
se  relaxations  deemed  lawful,  and  to  the  more  active  pursuit  of  science 
.  literature  by  the  better  educated.  Though  times  have  changed  in 
leva,  in  regard  to  religious  creed  as  well  as  to  amusements,  the  im- 
58  of  former  days  is  still  strong  upon  it,  and  those  who  term  it  <^  a 
Le  Paris"  do  not  look  beneath  the  surface. 

!here  is  a  curious  mixture  of  the  traits,  manners,  and  modes  of  life 
l>otb  France  and  England  in  this  city,  with  a  basis  which  is  entirely 
devese.  No  less  than  ten  thousand  strangers,  including,  however, 
Iss  of  other  cantons,  reside  permanently  in  a  town  of  thirty  thousand 
abitants,  and  the  number  passing  through  it  in  a  year  is  reckoned  to 
as  great  as  the  population  itsel£  The  influence  of  their  manners  is, 
course,  considerable,  notwithstanding  the  exclusiveness  of  Genevese 
iety.  This  exclusiveness  is  fostered  among  the  ladies  in  the  usual 
y,  and  among  the  men  by  clubs,  literary,  scientific,  for  conversation 
1  mere  amusement.  It  even  begins  an^ong  the  children,  who  associ- 
)  in  little  knots  called  Sunday  societies,  the  members  of  which  keep 
with  each  other  the  intercourse  of  cousins.    Many  Genevese  enter 

0  commercial  life  abroad,  and  after  accumulating  wealth  return  to 
^ir  home,  few  (except  those  who  have  migrated  to  the  United  States) 
3oming  identified  with  foreign  countries. 

rhe  most  prominent  business  in  Geneva  is  the  manufacture  of  jewelry, 

1  of  watches.  Each  part  of  the  watch  is  the  special  occupation  of 
3  class  of  workmen.  Different  portions  of  the  works  are  made  by 
ftsayts,  bul  the  finishing  and  putting  together  of  the  whole,  as 
11  as  the  manufacture  of  the  cases,  employ  the  artisans  of  Geneva, 
arly  three  thousand  persons  within  the  town,  about  one-fifth  of 
)  men,  are  occupied  in  the  jewelers'  and  watch-makers'  business, 
d  twenty  thousand  watches  are  made  annually,  t     The  restrictive 

The  Bohool  system  of  Geneva  has  undergone  a  material  change,  and  public  schools 
lU  grades  are  liberally  provided  for. 

The  census  of  1870  show  seven  thousand  persons  engaged  in  watch-making,  and 
irard  of  200,000  watches  made  per  annum. 


124  LECTURE    ON    SWITZERLAND. 

duties  laid  upon  these  manufactures  by  neighboring  countries,  and 
especially  by  France,  have  led  to  a  regularly  organized  system  of  grnug. 
gling,  from  whicli  the  government  agents  appear  to  derive  a  private 
revenue,  and  which  is,  therefore,  very  difficult  to  break  up.  It  is  said 
that  a  prefect  of  police  of  Paris,  having  bought  at  Geneva  jewelry 
and  watches  to  a  considerable  amount,  the  tradesman  offered  to  deliver 
them  in  Paris  for  an  additional  sum  much  below  the  cost  of  carriage 
and  the  duties.  The  prefect  made  the  agreement,  and  gave  notice  at  the 
frontier  custom-houses,  describing  the  articles,  and  requiring  even  more 
than  usual  vigilance.  The  articles  were,  nevertheless,  delivered  to  him 
according  to  contract,  and  on  investigation  he  found  that  they  had 
passed  the  frontier  in  his  own  baggage.  This  is  one  of  the  devious 
ways  of  trade  which  is,  I  fear,  not  peculiar  to  any  nation,  and  which 
the  better  moral  tone  to  be  cultivated  by  associations  like  that  which  I 
now  address  may  and  should  correct.  To  elevate  the  watchmakers^ 
art,  a  society  has  been  formed  for  the  preliminary  education  of  appren- 
tices, and  prizes  for  attainments  in  mathematics,  drawing,  and  kindred 
subjects,  are  awarded  to  successful  competitors. 

The  political  changes  in  Geneva  have  been  of  an  instructive  kind. 
The  people  declared  for  the  Reformation,  and  threw  off  the  authority  ot 
the  Duke  of  Savoy.  Thus  the  popular  will  was  the  basis  of  the  exist- 
ence of  the  present  government.  The  necessity  for  constant  resistance 
to  enemies  without  produced  an  easy  concentration  of  power  iu  the 
hands  of  a  few,  and  by  limiting  the  number  of  families  from  among  the 
members  of  which  the  rulers  were  chosen,  the  government  was  rendered 
practically  an  aristocracy,  not  of  rank,  for  the  patricians  of  (Jeneva 
have  always  refused  even  this  title,  but  of  wealth  and  intelligence.  The 
warfare  of  practice  against  principle  has  caused  many  revolutions,  all 
leading  to  an  extension  of  popular  privileges,  and  though  likened  by 
the  Emperor  Paul,  of  Eussia,  to  storms  in  a  tumbler,  their  influences, 
direct  and  indirect,  have  spread  widely.  Between  the  year  1535,  when 
the  Bishop  of  Geneva  was  violently  expelled  from  the  city,  and  the  year 
1837,  there  had  been  five  revolutions,  and  including  two  unsucceiiisful 
but  violent  popular  commotions,  and  seven  attempts  to  alter  the  gov- 
ernment. And  thus  it  must  be  until  the  end  of  the  chapter,  until  privi- 
leges and  rights  are  in  harmony — until,  in  other  words,  Geneva  is  a  tjoe 
republic. 

The  chief  points  of  dispute  still  are  (unless  recent  events  liave  i^ttled 
some  of  them)  that  the  sovereignty  of  the  people  is  not  formally 
acknowledged ;  that  the  representative  council  has  no  right  to  originate 
laws,  but  only  to  discuss  tfiose  offered  to  them  by  the  Council  of  State; 
that  the  right  of  petition  is  not  recognized,  and  that  the  privilege  of 
voting  is  possessed  only  by  those  who  pay  a  certain  amount  of  taxes; 
the  amount  being  fixed  so  high  as  to  exclude  about  two-thii'ds  of  the 
citizens  who  are  over  age  from  the  polls.* 

*  All  this  has  been  changed  by  tho  constitution  adopted  May  24, 1847,  the  proyisiona 
whereof  are  essentially  democTatic. 
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Take  the  agitation  of  this  canton  in  connection  with  the  fact  that  in 
the  eight  cantons  having  a  popular  form  of  government,  there  were  no 
revolutions  in  1830,  the  last  marked  period  in  the  progress  of  these 
governments,  and  the  lesson  becomes  even  more  instructive. 

How  much  do  we  not  owe  to  our  forefathers,  who  in  establishing  our 
republican  system  threw  off  the  trammels  of  the  Old  World,  and  removed 
all  such  obstacles  to  our  progress !  How  clear  their  view  of  republican 
institutions  when  compared  with  those  of  the  men  of  Europe,  even  in 
the  present  day! 

One  of  the  most  important  engines  in  the  improvement  of  Switzer- 
land is  the  "  Helvetic  Society  for  public  utility."  ♦  Its  branches  are  scat- 
tered over  the  whole  country,  meeting  frequently  and  maintaining  a 
corresiwndence  with  the  parent  society  through  the  medium  of  com- 
mittees. Delegates  from  the  local  associations  meet  in  different  parts 
of  the  country  in  turn,  and  discuss  questions  connected  with  education, 
political  economy,  and  the  general  welfare  of  the  country.  The  reports 
made  at  these  meetings  and  the  information  laid  before  them  are 
printed  and  disseminated  through  the  confederation  by  the  branch  soci- 
eties. Independently  of  the  influence  thus  exerted  upon  and  through 
the  reading  community,  the  intercourse  of  enlightened  men  of  different 
cantons  is  beneficial  to  the  country,  and  the  congregation  of  great  and 
patriotic  spirits  has  a  good  effect  in  the  place  of  meeting.  In  the  sum- 
mer of  1837  this  society  met  at  Geneva,  and  then  for  the  first  time  some 
of  the  statesmen  of  the  German  cantons  met  their  fellow-citizens  of  the 
French  frontier.  The  first  meeting  in  the  illuminated  botanic  garden, 
the  mornings  in  the  representative  hall  devoted  to  discussious,  the  gen- 
eral meetings  for  meals,  the  soirees  and  suppers,  each  served  in  their 
place,  (for  the  Swiss,  like  the  English,  Germans,  and  Americans,  love 
good  cheer,)  to  promote  the  objects  of  the  meeting.  The  subjects  dis- 
cussed in  the  council  hall,  show  exactly  the  point  to  which  the  country 
has  advanced.  They  were  the  importance  of  agricultural  schools,  and 
of  schools  for  teachers,  of  saving-banks  or  funds,  and  the  question 
whether  those  who  in  time  of  plenty  (like  the  Pharaohs  of  old)  hoard 
up  grain  to  sell  it  at  an  advance  in  seasons  of  scarcity  should  not  rather 
be  considered  benefactors  of  the  public  than  objects  of  mob  violence. 
The  influence  of  high  character  was  •beautifully  illustrated  in  one  of 
these  morning  meetings.  A  warm  debate  had  arisen  upon  the  report 
of  a  committee  proposing  to  establish  schools  under  the  direction  of  the 
society.  The  more  the  subject  was  discussed  the  further  men's  opin- 
ions appeared  asunder.  The  keen  politician  of  Geneva,  with  French 
vivacity,  had  made  his  declamation  and  ended  with  a  phrase;  the  enthu- 
siastic clergyman  of  Yaud,  with  somewhat  of  the  old  Calvin  fire,  had 
replied;  the  veteran  philanthropist  of  St^r  Gall  had  laid  down  the  doc- 
trine by  which  he  intended  sturdily  to  abide.  Union  seemed  impossible 
and  discord  probable,  when  there  rose,  near  the  president's  chair,  a  man 

— 1 ■  ^^M       ■ • ■■ —  -         H  - —         ■—      — ^ 

*  Oem^mniitzige  Gesellschaft. 
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heavy  iu  countenance  and  in  person,  with  an  embarrassed  air  and  awk- 
ward address,  the  words  of  his  first  few  sentences  of  misenMy  pnv 
nounced  French  coming  forth  slowly,  and  almost  by  stammering.   The 
natural  reflection  of  a  stranger  would  have  been,  why  does  that  stapid 
man  rise;  what  light  can  he  expect  to  throw  upon  the  question!   l^ot 
so,  thought  his  countrymen.    They  knew  the  mind  that  occupied  tins 
unpromising  exterior,  and  all  listened  with  entire  attention  to  He88,tlK 
burgomaster  of  Zurich,  while  by  his  own  moderation  he  stifled  theflame 
which  had  been  burning  so  fiercely,  and  by  his  good  sense  united  alltiie 
friends  of  education  on  a  common  ground  of  conciliation  and  compro- 
mise.   The  denial  of  self  shown  by  thus  using  a  language  which  was 
not  familiar  to  him  produced,  also,  doubtless  a  favorable  impressioiL 
Those  who  afterward  heard  the  same  speaker  in  his  vernacular  rousing 
an  assemblage  by  his  eloquence,  or  moving  them  to  laughter  by  his  wit, 
must  have  found  it  difficult  to  recognize  in  the  accomplished  orator  tbe 
erabarassed  speaker  of  the  representative  chamber. 

The  canton  of  Oeneva  contains  fifty-six  thousand  inhabitants,  thirty 
thousand  of  whom  live  in  the  town.    The  adjoining  canton  of  Vaod 
presents  a  striking  contrast  in  this  as  in  other  respects,  out  of  one  hon- 
dred  and  eighty  thousand  people,  only  fourteen  thousand  being  inhab- 
itants of  Lausanne,  the  capital,  and  only  considerable  town  in  tbe 
canton.*    The  people  of  Vaud  pride  themselves  upon  their  ultra-repnb- 
licanism,  their  orthodoxy  in  religion,  their  present  moral  and  social 
condition,  and  the  broad  basis  laid  in  their  institutions  for  further 
improvement ;  the  carrying  out  of  the  cantonal  motto  of  "  liberty  and 
country."    Their  constitution  declares  the  sovereignty  of  the  people  and 
the  equality  of  all  citizens  in  the  eye  of  the  law,  guarantees  individual 
liberty,  the  right  of  property,  the  inviolability  of  domicile,  the  freedom 
of  the  press,  and  the  right  of  petition.   It  provides  for  the  separation 
of  the  legislative,  ej^ecutive,  and  judicial  authorities,  a  feature  so 
universal  in  our  constitutions  that  we  are  surprised  to  find  it  gen- 
erally overlooked  by  the  framers  of  the  Swiss.    All  citizens  have  a 
right  to  vote  at  twenty-three  years  of  age.     The  church  is,  as  in 
all  these  countries,  connected  with  the  state,  and  is  styled  in  tbe 
constitution   the  National  Evangelical  Reformed  Church.     -Worship 
according  to  the  forms  of  the  'Roman  Catholic  Church  is  guaranteed 
to  some  of  the  communes,  and  there  this  church  is  also  connected 
with  the  state.    The  voluntary  church  system  as  it  exists  with  us  i^ 
almost  unknown,  and  it  would  be  difficult  to  imagine  the  first  effects  <f^ 
severing  church  and  state  among  a  people  where  the  connection  ba^ 
always  existed ;  yet  some  of  the  clergy  of  Vaud  look  to  the  separatioi^ 
as  conferring  a  desirable  freedom  upon  their  church.    As  evidences  o^ 
the  moral  condition  of  Vaud  may  be  mentioned  that  in  1836  there  was  ^ 

*  The  census  of  1870  gives  to  the  canton  of  Geneva  a  population  of  89,416,  whereof 
about  one-half  live  in  the  city  proper.  According  to  the  same  authority,  the  canton  of 
Vaod  has  a  population  of  229,596,  and  Lausanne  2&,QQ0« 
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t)at  one  criminal  for  every  one  thousand  seven  hundred  and  eijs^hty 
inhabitants;  while  in  Massachusetts,  also  an  agricultural  community, 
there  wa«  last  year  one  criminal  in  one  hundred  and  fifty;  and  counting 
)nly  natives  of  the  State,  one  in  seven  hundred  and  fifty.  These  people 
[lave  laid  broad  and  deep  the  foundations  of  improvement  in  an 
idmirable  system  of  public  instruction,  combining,  as  all  are  of  one  mode 
>f  faitb,  religious  and  intellectual  culture.  The  law  declares  that  the 
tiappiness  of  a  people  is  to  be  found  in  good  morals  and  good  instruction, 
uid  that  in  a  free  country  every  citizen  should  have  put  within  his  reach 
ein  education  fitting  him  for  his  rights  and  duties.  It  has  not  stopped 
»t  any  point  in  public  education,  saying  you  of  a  certain  class  shall  have 
such  schools,  and  you  such  others,  but  has  divided  the  schools  accord- 
ing to  the  age  and  attainments  of  the  children,  and,  for  those  on  the 
threshold  of  active  life,  according  to  the  probable  future  pursuit  of  the 
individual.  Thus  they  have  elementary  schools,  middle  or  industrial 
schools,  a  college,  a  university,  and  schools  for  male  and  female  teachers. 
In  a  canton  where  suffrage  is  universal,  the  legislature  has  had  the 
boldness  to  require  that  all  children  from  the  age  of  seven  to  sixteen 
shall  be  under  instruction,  unless  capable  of  passing  a  certain  examina- 
tion. Parents  who  neglect  or  refuse  to  send  their  children  to  school 
are  cited  before  the  authorities  and  fined ;  in  case  of  a  repetition  of  the 
offense  may  be  imprisoned,  and  thus  deprived  for  a  time  of  the  rights 
of  citizenship.  Whether  this  provision  can  be  fully  executed  or  not  yet 
remains  to  be  seen;  at  present  it  is  a  salutary  stimulus. to  the  negli- 
gent. The  ground  of  its  adoption  is,  that  universal  sufirage  requires 
universal  education,  and  that  as  the  law  guarantees  to  citizens  the  one, 
it  has  a  right  to  demand  of  them  the  other.  The  middle  or  industrial 
schools  are  colleges  for  business  men  preparing  for  the  pursuits  of  com- 
merce and  the  mechanic  arts,  and  bearing  the  same  relation  to  these 
pursuits  that  the  colleges  do  to  the  professions  of  medicine,  law,  and 
theology.  The  canton  has  a  school  for  the  deaf  and  dumb,  and  one  for 
the  blind  at  Yverdon. 

The  prison  discipline,  like  our  own,  puts  in  action  the  benevolent  idea 
of  reforming  the  delinquents;  but  the  horror  of  solitary  confinement 
which  appears  to  exist  in  the  mind  of  every  one  allied,  even  remotely, 
to  the  French  has  marred  the  system  both  in  Lausanne  and  at  Geneva. 
Happily  the  care  which  is  taken  in  collecting  the  statistics  of  the  prisons 
must  gradually  lead  to  a  change.  Finding  that  there  are  as  many  cases  of 
recommitment  now  as  under  the  old  arrangement,  they  will  see  that 
with  the  gregarious  system,  even  with  work,  there  can  be  no  reform. 

This  canton  was  the  last  scene  of  the  labors  of  the  great  reformer  in 
education,  Pestalozzi.  At  Yverdon,  on  the  shores  of  Lake  Neufchatel, 
in  a  castle  erected  for  war,  but  turned  to  purposes  of  peace,  he  termi- 
nated his  active,  beneficent,  but  stormy  life.  He  was  the  Bacon  of 
education.  Adhering  rigidly  to  the  laws  of  induction,  he  changed  the 
very  basis  of  the  sciences.    He  combined  those  extraordlnatY  c^^tk.% 
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of  the  German  character,  simplicity,  enthusiasm,  rationalism,  and  ite 
opposite,  mysticism.    As  a  practical  teacher  he  has  been  surpassed  by 
many  of  his  followers,  but  he  was  undoubtedly  the  founder  of  a  new 
school  in  education.    Eestless,  and  always  dissatisfied  with  the  results 
of  his  eflforts,  he  began  many  times  afresh,  and  to  the  last,  vith 
renewed  hope  of  entire  success.     Unqualified  to  manage  pecuniary 
matters,  his  mind  was  always  oppressed  with  the  details  of  the  economy 
of  his  schools  as  soon  as  they  became  large.    Prussia  owes  the  present 
improved  condition  of  her  burgher  or  citizen  schools — for  her  "  schoote 
for  the  poor''— are  poat' indeed  to  the  precepts  and  examples  of  those 
who  drew  both  from  Pestalozzi.    A  school  nominally  conducted  npon 
his  principles  is  still  kept  up  in  the  old  cattle,  but  resembles  much 
the  deformed  copies  from  the  same  model  which  we  have  seen  in  this 
country. 

Before  leaving  the  southern  part  of  Switzerland,  let  us  pass  for  a  few 
minutes  into  the  canton  of  the  Yalais  and  among  the  Alps,  not  toad- 
mire  scenery  but  to  observe  Swiss  enterprise.  Railroads  are  out  of  the 
question  in  such  a  country,  and  places  for  canals  are  rarely  to  be  fomid^ 
but  improvements  peculiar  to  the  country  take  their  places,  and  require 
both  skill  and  originality. 

In  one  of  the  narrow  valleys  of  the  Valais,  a  tributary  to  the  Dranse 
(itself  a  branch  of  the  Rhone)  takes  its  rise  in  the  melting  snows  of 
the  glacier  of  Getroz.    This  mass  of  snow  and  ice  is  formed  by  the 
accumulation  of  snow  upon  two  mountain  flanks,  which,  descending  and 
uniting  in  the  gorge,  are  slowly  pushed  forward  into  the  valley,  melting 
as  they  advance,  and  feeding  with  innumerable  rills  the  turbid  Dranse. 
In  the  spring  of  1818  the  waters*  of  the  stream  were  very  low,  and  as 
this  circumstance  had  preceded  a  dreadful  inundation  of  the  valley  of 
Bagnes  in  1595,  the  peasants  taking  alarm  moved  up  the  valley  to 
ascertain  the  present  cause.    They  found  that  the  fall  of  large  blocks  of 
ice  from  the  glacier  of  Getroz,  and  of  avalanches  from  the  mountain 
sides,  had  completely  dammed  up  the  waters  of  the  Dranse.    The  icy 
barrier  is  described  to  have  been  four  hundred  feet  high,  six  haudred 
feet  wide  at  the  top,  and  three  thousand  feet  at  its  base;  the  lake 
behind  it  was  a  mile  and  a  quarter  long,  and  at  the  barrier  some  fifty 
fathoms  deep.    The  waters  in  this  basin  rose  at  the  rate  of  two  feet  per 
day,  and  it  was  almost  certain  that  finally,  rising  to  a  height  capable  of 
bursting  the  wall  of  ice  which  held  them  in,  they  would  in  their  mighty 
rush  sweep  the  valley  to  the  very  banks  of  the  Rhone.    The  engineer 
of  the  canton,  M.  Venetz,  made  a  bold  attempt  to  prevent  this  disaster, 
which,  if  it  did  not  entirely  succeed,  greatly  diminished  the  dreaded 
devastation.    A  tunnel  through  the  ice  was  commenced  at  a  sufficien'^ 
height  above  the  swelling  waters  to  prevent  their  reaching  the  laborec^^ 
before  its  completion.    Two  sets  of  workmen  labored  day  and  night  fcr  * 
nearly  a  month  in  its  formation.    When  first  finished  it  was  not  of  su^ 
ficient  size  to  prevent  the  rise  of  the  lake,  but  widening  and  deepening 
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x>m  the  flow  of  water  through  it,  in  thirty-two  hours  it  had  drained 
ff  ten  feet  in  depth  of  the  lake,  and  in  twenty-four  hours  more,  twenty 
eet.  More  than  one-third  of  the  water  had  thus  escaped  when  the 
ction  of  the  issuing  cataract  upon  the  base  of  the  mound  had  so  far 
reakened  it  by  detaching  large  masses  of  ice,  that  the  barrier  was  sud- 
leuly  burst  asunder.  With  a  dreadful  noise  the  liberated  waters  took 
heir  way  down  the  valley  in  one  mountain  wave,  carrying  before  them 
normous  rocks,  the  forest  and  hill-side,  fields,  fruit-trees  and  fences, 
•ridges  and  clullets,  and  furrowing  or  covering  the  low  grounds  with 
he  debris  of  the  mountains.  The  destruction  is  represented  to  have 
^en  terrible,  in  all  but  that  of  life  approaching  that  of  the  previous 
atastrophe.  The  energies  of  this  simple  people  were  but  for  a  time 
aralyzed  by  this  dire  misfortune,  and  means  were  almost  immediately 
iken  to  repair  its  effects  and  prevent  its  recurrence. 

Captain  Hall,  who  visited  the  scene  just  after  the  disaster,  and  again 
fter  an  interval  of  fifteen  years,  thus  speaks  of  the  first  ai)pearance 
nd  of  the  change  which  industry  had  wrought  during  the  interval : 
We  said  to  ourselves,  that  no  time  could  ever  restore  their  town  (Mar- 
ig^.v)  t^  prosperity,  or  reclothe  their  fields  with  verdure.  Yet,  only 
fteeu  years  afterward,  when  I  agsrfn  visited  this  scene  of  utter,  and, 
s  it  seemed,  hopeless  desolation,  I  could  scarcely  by  any  effort  of  the 
magiuatiou  recall  the  spot  to  my  mind,  or  be  persuaded  that  it  really 
ras  the  same  ground  I  had  seen  laid  waste.  •  •  •  • 
rbe  fields  were  all  again  thickly  matted  with  verdure;  the  hedges  and 
lividing  walls  appeared  never  to  have  been  disturbed;  flower-gardens 
md  kitchen -gardens  and  grass-plots  smiled  on  every  side  of  this  happy 
ralley ;  apple-trees,  laden  with  fruit,  and  rows  of  tall  poplars  marked 
)ut  many  lines  of  new  and  better  roads  than  before,  leading  from  new 
l»ridges  which  formerly  had  no  existence.''  The  date  of  the  first  disas- 
ter was  found  inscribed  upon  a  beam  in  one  of  the  chalets,  accompanied 
by  a  set  of  letters ;  the  whole  may  be  thus  paraphrased :  M.  O.  E.  | 
1595.  I  W.  B.  W.  D.  B.  |  T.  G.  O.  G.  The  puzzle  has  been  tluis  deci- 
phered by  a  Swiss  Monkbarns:  Maurice  Olliet  erected,  1595,  when 
Bagnes  w^as  destroyed  by  the  glacier  of  Gctroz. 

Friburg  lies  between  Vaud  on  the  south  and  Berne  on  the  north, 
ft  was  the  ninth  canton  admitted  into  the  confederation.  From  having 
>eeii  the  most  aristocratic  of  all — some  sixteen  families  governing 
seventy  thousand  people — it  is  now  almost  as  liberal  as  Vaud.  Suffrage 
8  universal  and  the  press  is  free.  The  religion  of  the  sttite  is  Itoman 
Jatholic,  the  bishop  still  retaining  the  title  of  Bishop  of  Lausanne  and 
ieneva.  Party  spirit,  probably,  run  higher  in  this  canton  than  in  any 
)ther.  The  old  aristocracy  has  its  friends,  though  in  the  minority.  The 
republicans,  who  triumphed  in  the  revolution  of  1830,  excluded  the  clergy 
rrom  the  councils,  but  their  influence  still  maintains  a  party  there,  and 
the  church  itself  is  divided  between  the  rival  influences  of  the  Cordeliers 
and  of  the  Jesuits.  There  are  nine  convents  in  tUe  cantoxi^  vvi  Vs<ifc^^\si 
98  % 


130  LECTURE    ON   SWITZERLAND. 

or  college  and  a  boarding-school,  in  the  capital.  The  clergy  liavo  not 
abandoned  the  claim,  though  deprived  of  the  power  to  direct  the  secular 
instruction  of  the  people,  to  license  and  displace  their  teachers.  The 
struggles  of  these  parties  and  influences  keep  up  a  constant  politid 
excitement. 

It  is  difficult  for  a  stranger  who  approaches  the  town  of  Fribiirg 
from  the  French  cantons,  on  a  day  when  the  weekly  fair  is  held,  to  be- 
lieve that  a  scene  of  real  life  is  before  him.    The  old  battlemented  walls, 
with  their  towers,  carry  us  back  to  the  days  of  arquebusses  and  culverios, 
or  even  to  those  of  cross  bows  and  catapults.    The  collection  of  i)easjints 
in  the  square,  clad  in  the  varied  and  picturesque  costumes  of  the  adjoin 
ing  districts,  keeps  up  the  illusion.    It  is  easy  to  realize  that  such  look- 
ing people  should  sing  and  dance,  but  that  they  should  buy  and  sellin 
earnest  is  not  so  easily  credited.    There  is  some  poetry  left  yet  iu  tbo 
exterior  of  life,  at  least  in  these  countries.    This  thought  was  again 
awakened  on  finding  myself  in  the  cell  of  a  monk  in  the  convent  of  the 
Cordeliers.    The  vaulted  ceiling,  grated  door,  bare  walls,  the  pallet  bed 
and  rude  table,  with  missal  and  crucifix,  the  occupant  clothed  in  coarse 
black  serge,  the  cord  of  his  order  passing  around  his  waist,  produced  a 
most  singular  eflect.    There  was  nothing  in  the  manners  and  conven>a- 
tion  of  the  venerable  Father  Girard  to  dispel  any  illusion  created  by 
the  circumstances  around  him,  unless  the  faintest  possible  tinge  of  the 
world,  such  as  he  may  have  got  while  superintending  the  schools  of  liis 
canton  just  after  the  revolution  of  1814.     Hoping  to  dull*  the  edge  ol 
party  sjurit  which  he  supposed  attacked  the  schools  because  a  Cordelier 
was  at  the  head  of  them,  he  retired  into  voluntary  exile  for  ten  years, 
and  returned,  at  the  age  of  seventy  two,  to  die,  as  he  said,  at  home, 
when  his  years  would  be  an  apology  for  not  mingling  in  public  affairs. 
He  had  returm  d  to  find  his  schools  in  incompetent  hands,  almost  iu 
decay,  and  his  normal  school,  from  a  similar  cause,  on  the  iwint  of 
being  abolished.    Imbued  with  the  spirit  of  Pestalozzi,  Father  Gininl 
gives  to  the  languages  as  instruments  for  intellectual  training  the  part 
which  the  great  master  assigned  to  the  sciences ;  for  economy's  sake  be 
adopted  the  monitorial  system,  but  hoped  to  see  the  time  when  it  might 
give  place  to  a  better.    In  his  retirement  his  influence  with  the  intelligent 
men  of  Switzerland  was  very  great,  and  was  exercised  to  forward  the  intel- 
lectual progress  of  his  country.    "  I  love  all  men  with  Christian  hearts, 
though  they  may  hot  be  orthodox  in  formulary;  such  is  my  profession  of 
faith,*'  was  the  catholic  sentiment  of  this  truly  good  man,  reminding 
me  of  the  beautiful  lines  of  Wordsworth,  written  at  Friburg : 

"  Doomed  as  we  are  our  native  dust 
To  wet  with  many  a  bitter  shower, 

It  ill  befits  us  to  disdain 

The  ultar^  to  deride  the  fane 
Where  patient  sufferers  bend,  in  trust, 
To  win  a  happier  hour. 
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"  Where'er  wo  roam,  along  the  brink 
Of  Rhine,  or  by  the  sweeping  Po, 

Through  Alpine  vale,  or  champaign  wide — 

Whatever  we  look  upon — at  our  side 
Be  charity — to  bid  as  think, 
And  feel — if  we  would  know." 

le  sitnation  of  Friburg  has  afforded  opportunity  for  two  pieces  of 
acteristic  enterprise.  The  channel  of  the  river  Sarine  forms  al- 
t  a  loop  at  the  town,  inclosing  it  on  three  sides,  and  flowing  in  a 
sandstone  valley.  The  town  occupies  the  top  and  sides  of  the 
iontory  thus  formed,  and  on  the  steep  slope  the  tops  of  the  houses 
sv  are  on  a  level  with  the  pavement  of  the  streets  above.  Into  this 
y  the  road  to  Berne  formerly  descended,  and  mounted  a  precipitous 
on  the  other  side  of  the  stream,  occupying,  with  its  windings  and 
ilow  pjice  by  which  it  was  necessarily  traversed,  an  hour,  and  to  pass 
one  side  of  the  valley  to  the  other,  a  distance  in  a  straight  line  of 
5  three  hundred  yards.  A  beautiful  suspension  bridge  now  connects 
ipper  plateau  of  the  town  with  a  point  equally  high  on  the  oppo- 
mnk,  the  suspending  cables  of  wire  being  firmly  fastened  in  the 
ive  rock  on  either  side,  and  passing  over  two  neat  i)iers  of  Jura 
itone.  This  bridge  was  planned  by  an  engineer  of  Lyons,  but  exe- 
1  by  Swiss  workmen,  and  entirely  with  Swiss  materials.  The  road- 
is  eight  hundred  and  ninety-six  feet  in  length  between  the  piers, 

0  and  a  half  times  as  long  as  the  elegant  structure  of  the  same 
now  erected  over  the  Schuylkill  at  Philadelphia,  and  once  and  a 

as  long  as  the  celebrated  chain  bridge  over  the  Menai  Strait  in 
js.  The  road-way  is  suspended  at  the  height  of  one  hundred  and 
ity-four  feet  above  the  Saarine,  and  looking  up  from  the  valley  the 
h1  wire  ropes  which  support  the  whole  resemble  mere  cords  pro- 

1  against  the  sky,  while  the  upright  wires  by  which  the  platform 
s  appear  like  cobwebs.  The  trials  to  which  this  structure  was  sub- 
1  by  the  authorities  before  receiving  it  were  many  and  severe,  the 
?st  that  of  marching  across  it  two  thousand  people  keeping  step  to 
2,  the  measured  cadence  producing  a  continually  increasing  vibra- 
aud  trying  the  strength  to  the  utmost.  The  successful  completion 
lis  work  and  its  durability  have  led  to  the  erection  of  a  second  of 
anie  kind  at  another  point  of  the  valley ;  so  that  this  little  town  of 
thousand  inhabitants  may  now  boast  of  two  of  the  most  beautiful 
^es  in  the  world. 

rne,  the  capital  of  the  largest  and  most  populous  canton  of  the 
3  confederacy',  is,  in  appearance,  thoroughly  a  Swiss  town  of  the 
chool.  Its  site  is  a  bold  promontorj-,  like  that  of  Friburg,  nearly 
lunded  by  the  Aar,  a  tributary  of  the  Ehine.  The  appearance  of 
e  is  very  quaint.  Entering  it  from  the  south,  three  gateways  are 
.*d  in  succession,  at  intervals  from  each  other,  beneath  towers  which 
:  so  many  epochs  in  the  extension  of  the  walled  town.    Before  the 
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use  of  artillery  Berne  was  a  place  of  great  strength,  the  site  having  been 
selected  in  the  twelfth  century  for  its  military  properties,  by  Bertliold, 
of  Zilhringen,  the  founder  of  the  city.    The  fronts  of  the  houses  in  tbe 
principal  streets,  as  in  the  Italian  towns  of  the  Middle  Ages,  rest  upon 
arcades,  which  form  covered  walks  for  passengers.     The  heavy  piers  of 
the  arcades  render  the  shops  dark,  but  this  inconvenience  is  more  than 
counterbalanced  by  the  protection  from  the  winter's  snow  in  a  town 
almost  among  the  Alps,  and  at  an  elevation  of  sixteen  hundred  feet 
above  the  sea.    The  streets  are  provided  at  intervals  with  fountains  of 
curious  devices  and  rude  execution,  in  which,  besides  the  figure  of  the 
bear  in  various  "  armor  and  attitude,"  are  warriors  and  goddesses,  and 
remarkable  above  all,  the  terror  of  children,  the  great  Kiuder-fresser,  or 
ogre,  who,  with  the  head  and  shoulders  of  one  podr  innocent  in  his  gap- 
ing mouth,  in  the  very  act  of  swallowing,  has  a  bag  full  of  similar  cboice 
mouthfuls  about  his  neck,  apparently  struggling  to  escape  the  fate  of 
their  comrade.    In  one  of  the  towers  is  the  famous  clock  of  kindred 
taste  with  the  ogre.     Before  each  hour  a  cock  flaps  his  wings  and  crows 
a  warning.    A  figure  representing  Father  Time  reverses  his  hour  glass, 
and  opens  his  mouth  as  if  to  cry  aloud  to  the  careless.    At  noon  is  the 
grand  procession  of  the  bears,  who,  marshaled  by  knights  and  soUhers, 
issue  to  the  sound  of  music  and  pass  before  the  figure  of  Time  first  on 
all  fours,  then  half  erect,  and  finally  rampant,  figuring  thus  the  differ- 
ent conditions  of  the  town  of  which  they  are  the  patrons.    The  figure 
now  raises  a  wand  and  strikes  the  hour  upon  a  mimic  bell,  keeping  time 
with  the  striking  of  the  clock  ;  the  cock  again  flaps  his  wings,  and  for 
twenty -four  hours  the  bears  have  rest.    The  regard  for  bruin  in  Berue 
has  been  the  growth  of  ages.  The  accidental  killing  of  a  bear  by  the  Dake 
of  Zlihringen  on  the  day  of  founding  the  city  placed  the  eflSgy  upon  the 
coat  of  arms,  and  perhaps  gave  name  to  the  infant  city,  for  Berne  sig- 
nifies bear  in  the  Swabian  dialect.    The  efifigy  of  the  bear  was  connected 
with  the  conquests  of  the  warlike  burghers,  and  the  living  animal  kept 
to  amuse  the  people  by  his  antics.    A  whimsical  old  lady  left  a  band- 
some  estate  to  the  town  to  maintain  a  family  of  bears,  forever,  and  in 
1798  the  animal  became  associated  with  the  misfortunes  of  the  canton 
as  it  had  been  with  its  rise  and  prosperity.    The  savings  from  tho  estate 
of  the  bears  shared  the  fate  of  those  of  the  canton,  when  the  FrencVx 
armies  appropriated  the  thirty  millions  of  specie  in  the  vaults  of  tVi© 
treasury.    The  bears  themselves  were  removed  from  their  ditch  aii^ 
transported  to  Paris,  the  huge  cage  containing  the  father  of  the  fami'^3 
having  upon  it  the  insulting  inscription,  not  yet  forgotten  by  the  peopl^-^' 
of  Avoyer  (President)  of  Berne.    One  only  lived  to  return  to  his  hon^^ 
at  the  general  restoration  of  the  spoils  of  Europe,  but  tho  bears  of  th 
present  generation  appear  to  have  forgiven  or  forgotten  the  sorrows  o^ 
their  parents,  and,  all  unconscious  of  their  own  present  dependent  state-^ 
are  as  diligent  in  climbing  poles,  and  as  active  in  begging  and  quarrel-^ 
ing  for  nuts  and  gingerbread  as  if  the  present  bear-ditch  had  alway^ 
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l>een  the  abode  of  both  parents  and  cubs.  How  difficult  it  must  oe  for 
the  men  of  Berne  among  the  scenes  of  the  Middle  Ages,  and  with  his- 
tory and  tradition  both  fettering  them,  to  keep  up  with  the  progress  of 
the  times ;  and  j'et  they  have  done  so  in  a  very  great  degree,  as  a  glance 
at  the  institutions  of  the  republic  will  show. 

In  1785  there  were  but  two  hundred  and  thirty-six  families,  the 
tnembers  of  which  were  eligible  to  the  grand  "council,  the  governing 
body  of  a  canton  of  three  hundred  thousand  inhabitants,  and  of  its 
tributaries,  Vaud  inclusive.  These  were  the  descendants  of  the  original 
burghers  of  Berne,  and  of  those  whom  they  had  admitted  from  time  to 
t:ime  into  their  fraternity.  Many  of  them  were  members  of  one  of  the 
ive  guilds,  the  bakers,  butchers,  tanners,  smiths,  and  carriers,  originally 
m  aristocracy  of  working  men.  Of  the  two  hundred  and  thirty-six 
ramilies  only  seventy-six  were  eligible  to  the  executive  or  lesser  council, 
md  twenty  of  these,  by  the  preponderance  of  numbers,  governed  the 
State.  In  179G  there  were  twenty-two  persons  of  the  name  and  fauiily 
3f  Steiger  in  the  grand  council,  fifteen  of  Watwyl,  and  so  on.  It  was 
certainly  no  easy  task  to  undo  the  Gordian  knot  of  such  institutions, 
but  the  French  invasion  sundered  it,  and  the  complete  separation  of 
social  and  political  ties  which  followed  prevented  a  firm  reunion  of  the 
partis.  A  feeble  aristocratic  government  was  restablished  under  the 
protection  of  Austria,  after  the  French  occupation  ceased,  and  was 
continued  until  1830.  At  this  time  the  revolution  of  the  three  days  in 
Paris  gave  a  new  impulse  to  popular  institutions  by  the  support  which 
it  promised  to  hold  out  to  their  friends.  The  people  of  the  country 
part8  of  Berne  met  in  their  arrondissements  and  petitioned  the  govern- 
ment tor  an  extension  of  popular  rights.  They  were  answered  by  pro- 
hibiting their  assembling.  They  continued  to  meet,  and  the  govern- 
ment ordered  out  the  militia  to  suppress  these  meetings,  and  collecting 
their  most  trustworthy  troops  in  the  town,  closed  the  gates  and  pre- 
pared the  cannon  upon  the  ramparts  for  action  against  the  peasantry. 
The  militia  refused  to  turn  out ;  the  troops  in  the  town  declared  their 
unwillingness  to  act  against  their  countrymen.  No  attack  was  made, 
Jut  the  government  wisely'  determined  on  abdication,  declaring  that  on 
I  certain  day  they  would  cease  their  functions  if  such  was  the  will  of 
:he  people.  This  was  all  that  was  desired.  An  assembly  was  called  to 
frame  a  constitution,  and  without  any  violent  shoc'k,  in  October,  1831,  the 
jld  aristocratic  government  gave  place  to  the  new  republican,  in  which 
ilthough  there  is  some  leaven  of  the  former  aristocracy,  it  is  not  suffi- 
Lsient  to  leaven  the  lump.  This  is  a  true  history  of  a  Swiss  republican 
revolution.  The  new  constitution  declares  the  sovereignty  of  the  people, 
the  liberty  of  the  press,  the  right  of  the  representative  council  to  origin- 
ate measures,  toleration  of  religion  with  an  established  national  church. 
Every  citizen  is  an  elector  of  the  first  grade;  and  every  hundred  of 
them  chooses  an  elector  of  the  second  grade,  who  votes  for  the  repre- 
sentative council.    As  in  the  other  cantons,  with  few  exceptions,  the 


134  LECTURE    ON    SWITZERLAND. 

powers  of  government  are  mingled,  and  what  strikes  an  American  as 
even  more  strange,  while  the  representative  council  is  elected  for  six 
years,  the  judges  chosen  by  them  are  elected  but  for  five. 

One  of  the  first  steps  of  the  new  government  was  to  reorganize  ainl 
renovate  public  instruction.  A  visit  to  the  normal  school  establisbeil 
by  them  must  inspire  bright  anticipations  of  future  improvement  for 
the  country.  Patriotism,  religious  and  moral  feeling,  and  intelligence, 
are  developed  by  precept  and  example  in  those  who  are  hereafter  to 
have  the  training  of  the  Bernese  youth.  The  industrious  life  of  these 
future  teachers,  eleven  hours  being  spent  in  the  school-room,  in  receiv- 
ing or  imparting  instruction,  their  frugal  fare,  meat  of  any  kind  l>eing 
placed  before  them  but  twice  in  each  week,  and  their  coarseclothing,are all 
shared  with  them  by  the  director  of  the  institution.  Severe  exercise  in 
the  open  air,  through  the  gymnastics  so  popular  in  Germany  and  Switzer 
land,  counteracts,  in  a  degree,  the  eflectof  this  sedentary  life  upon  their 
health.  In  addition  to  the  branches  usually  cultivated  in  our  schools, 
music  is  made  a  part  of  the  teacher's  education,  that  he  may,  in  turn, 
give  instruction  in  it  to  all  his  pupils.  The  effect  produced  by  the  deep  ' 
toned  and  well  tuned  voices  of  the  young  teachers  in  this  normal  school, 
engaged  in  singing,  con  amove,  some  of  the  patriotic  songs  of  their 
country,  was  one  of  the  most  moving  that  I  ever  experienced.  What  a 
fine  material  for  republicans  !  was  the  remark  of  the  counsellor  of  state 
who  accompanied  me,  the  echo  of  the  very  feeling  which  was  thrilling 
througli  me.  Close  by  this  school  is  Hofwyl,  the  celebrated  institution 
of  Emmanuel  Fellenberg.  But  to  venture  within  its  precincts  would 
occupy  you  far  longer  than  I  am  privileged  to  do.  The  system  of  this 
establishment,  for  it  is  not  one  school,  but  is  composed  of  several  schools 
of  different  grades,  has  served,  in  a  degree,  as  a  model  for  that  of  the 
canton,  and  has  exerted  a  greater  influence  in  and  out  of  Switzerland 
than  any  other  single  institution  in  the  world. 

The  new  government  has  reorganized  and  improved  many  of  the  pub- 
lic establishments  of  the  canton,  and  created  new  ones.  Thus  the  two 
orphan  houses  of  the  city  have  already  felt  its  favorable  influeuce;  a 
school  for  the  deaf  and  dumb,  and  one  for  the  blind,  has  been  estab- 
lished under  its  patronage,  and  a  new  penitentiary  has  been  erected  for 
the  introduction  of  the  modern  improvements  m  prison  discipliue.  to 
1819  women  condemned  for  crimes  swept  the  streets  of  Berne,  aud  now 
the  government  is  nearly  prepared  to  adopt  the  Pennsylvania  system©^ 
prison  discipline.  Surely  the  progress  of  this  peoi)le  has  been  worthy 
of,  if  not  above,  all  praise. 

On  the  eastern  side  of  the  town  the  bank  of  the  Aar  is  quite  prec^V 
itous,  and  from  the  parapet  which  crowns  it  a  glimpse  is  had  into  tl^  ^\ 
fairy-land,  the  Oberland  of  Berne.    The  peaks  of  its  snow-clad  hills,  w  i    ^ 
their  bold  outline,  cut  sharply  against  the  sky,  presenting,  in  the  cour^^ 
of  a  clear  day,  a  beautiful  variety  of  aspect,  from  the  dark  shadows  ca 
by  the  rising  sun,  and  the  brilliancy  of  midday,  to  the  delicate  hues 
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Unset,  and  tlie  ashy  and  almost  ghastly  paleness  of  the  eveiung.  One 
►f  the  few  things  which  cannot  disappoint  is  a  visit  to  the  Bernese  Alps. 
Mature  presents  itself  not  only  upon  a  grand  scale,  but  in  unusual  and 
•aried  forms.  Lofty  and  precipitous  mountains,  rugged  with  rocks, 
Ltid  ice,  and  snow;  glaciers  pushing  their  way  from  the  steep monutaiu 
ides  into  the  valleys;  avalanches  tumbling  headlong  from  the  heights, 
,nd  w^ith  a  roar  like  distant  thunder  burying  their  ice  and  snow  in  the 
ieep  gorges ;  cascades  pouring  from  precipices  so  lofty  that  the  water 
i  dispersed  in  dust-like  spray,  in  mid-air,  or  tumbling  from  rock  to 
ock  in  foaming  sheets ;  pine-clad  hills,  and  valleys  green  with  grass; 
11  these,  in  turn,  rejoice  the  sight,  while  the  unaccustomed  modes 
f  Alpine  traveling  invigorate  the  frame,  and  the  spirits  rise  until 
hey  create  a  world  of  enjoyment  of  their  own.  The»  works  of  man 
3nd  themselves  to  nature,  to  add  to  the  picturesque  character  of  these 
egious ;  for  the  Swiss  cottage,  with  its  roof  weighted  with  stones,  its 
►rejecting  eaves  and  out  door  galleries,  is  unlike  a  farm-house  elsewhere, 
nd  the  chalet,  with  its  stable,  dwelling,  and  dairy,  all  under  one  roof, 
et  separated  with  scrupulous  regard  to  neatness,  is  as  unlike  a  peas- 
nt's  hut.  The  costume  of  the  people,  too,  puts  them  to  the  eye  of  a 
tranger  in  constant  masquerade,  and  the  vocal  music,  with  its  curious 
alsetto  tones,  and  the  instrumental  upon  the  wooden  tube,  or  Alpine 
lorn,  are  unlike  what  is  to  be  heard  in  other  countries. 

The  valley  of  Grindelwald  is  itself  more  than  three  thousand  feet 
ibove  the  level  of  the  sea,  and  from  it  the  Faulhorn  rises  three  thou- 
sand more.  The  ascent  of  this  mountain  is  by  winding  paths,  along 
he  base  or  on  the  brink  of  high  rocks,  by  the  side  of  ponds  formed  by 
he  melting  snow,  through  the  snows  themselves,  to  the  very  apex. 
Then  the  whole  district  of  the  lakes  of  Brientz  and  Thun  is  stretched  out 
before  and  far  below  you,  the  lake  of  Lucerne  and  its  mountains,  the 
alleys  of  Lauterbrunnen  and  Grindelwald,  the  Alpine  heights  of  the 
Ciger,  tlie  Monk,  the  Jungfrau,  and  others  of  this  chain,  fnv  across  to  the 
:iountains  where  the  Rhine  and  the  Ehone  both  have  their  sources, 
^bove  the  region  where  the  white  hill-clouds  of  summer  are  formed  and 
est,  when  thet/  occur  spreading  a  deep  shade  over  the  valleys  below,  the 
op  of  the  Faulhorn  is  in  the  full  blaze  of  the  sun,  and  the  eye  ranges  from 
t  upon  the  ex[)anse  of  the  tops  of  the  white  clouds,  as  over  a  vast  plain 
►f  snow  thrown  into  ridges  by  the  wind,  a  mimic  ocejin  of  snow  with  the 
orms  of  waves  without  their  motion.  Life  in  a  chalet  upon  such  a  moun- 
ain  is  very  little  like  that  in  an  inn  down  in  the  valle^'.  The  whole  moun- 
ain-top  will  hardly  give  elbow-room  to  the  twenty  or  thirty  people  who 
!ome  up  on  a  fine  summer's  day,  much  less  will  the  chalet  give  room  for 
?xclusiveness  in  eating,  drinking,  or  sleeping.  Then,  further,  to  break 
lown  reserve,  the  sunset  is  to  be  seen  by  all,  and  then  the  moon,  at  rising 
)r  setting,  puts  the  whole  sleeping  household  in  motion,  and  again  all  are 
)ut  to  see  the  sun  rise  over  the  distant  Alps. 

There  are  some  traits  by  which  one  may  infallibly  recognize  our  coiiur 
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trymen,  aud  in  tbis  clialet  with  us  was  an  uniloubted  American.  lie 
talked  to  every  one  who  could  speak  his  vernacular,  and  spoke  to  every 
one  who  w^ould  give  his  broken  French  an  answer.  His  meals  wen* 
bolted  down  in  haste.  He  fidgeted  lest  he  should  lose  anything  of  the 
inoon  or  sun  rise,  and  actually  turned  out  to  witness  the  lormer  in  repi 
lar  Kickapoo  style,  wrapped  in  a  blanket.  He  was  restless  to  an  excess, 
and  talked  all  the  time  that  others  were  absorbed  in  sentiment;  for 
getting  his  unpresentable  condition,  he  even  addressed  some  yonu:: 
English  ladies,  who  hadcertainl}^  offered  no  special  encouragement  to  the 
approach  of  any  fellow-traveller,  even  in  full  costume.  He  was  off 
among  the  first  in  the  morning,  and  after  the  day's  journey  we  met  him 
in  the  evening  at  Meyringen,  still  talkative  as  ever,  and  his  tones  eerti 
fying  that  he  came  from  the  east  of  the  Hudson  ;  so  far,  the  very  beau 
ideal  of  the  American  figured  by  tourists.  Here,  however,  he.pique<l  my 
curiosity  by  the  very  un-American  act  of  abusing  the  supper,  as  well  as 
by  some  peculiarity  of  expression ;  and,  entering  into  further  conversa 
tion  with  him,  I  found  that  this  undoubted  American  was  last  from  Tbread 
and  Needle  street,  had  been  born  and  bred  in  the  old  country,  and  bad 
not  even  trodden  our  republican  soil.  So  much  for  national  character 
istics,  which,  like  family  peculiarities,  may  sometimes  lead  us  to  mis 
take  the  father  for  the  sou. 

On  the  way  from  the  Oberland  to  Lucerne  we  pass  a  work  of  improve- 
ment well  worthy  of  notice.    At  the  foot  of  the  Brunig  ^lountain,  on 
the  north  side,  is  the  small  lake  of  Lungern,  draining  the  slopes  of  a 
basin  of  moderate  extent,  and  having  originally  no  outlet.    It  is  sepa- 
rated by  a  mountain  ridge  from  the  lake  of  Sarnen,  which  comran- 
nicates  with  the  lake  of  Lucerne.    Lake  Lungern   is  some  four  hnn- 
dred  feet   higher  than  Lake  Sarnen,- so  that  by  establishing  a  com- 
munication  between  them   the  former  might  be  drained  to  any  re- 
quired amount,  and  arable  land  be  thus  gained  upon  the  lake  shore. 
A  tunnel  to  establish  this  connection  was  begun  in  1788,  and  after  many 
delays  was  completed  in  183G,  at  the  cost  of  $25,000,  and  nineteen  thou 
sand  days'  work  by  the  peasants.    The  winter  season,  when  the  lake  is 
lowest,  was  chosen  for  completing  the  tunnel  by  breaking  through  a 
rocky  barrier  into  Lake  Lungern.    The  undertaking  succeeded,  and  ui 
ten  days  the  water  fell  to  the  level  of  the  mouth  of  the  tunnel.    A  ne^ 
and  unforeseen  danger  now  threatened  the  people  of  the  village  on  th^ 
lake  shore.    The  bank,  no  longer  supported  by  the  water,  and  exj>os^^ 
to  the  action  of  the  frost,  began  to  crack,  and  the  earth  separating  frCF*^ 
the  underlying  rock,  threatened  to  precipitate  the  church  and  part    ^ 
the  village  into  the  lake.    In  fact  a  slide  did  take  place,  but  only  t( 
limited  extent,  and  b^^  cutting  the  shores  in  terraces  the  progress  of  tl 
evil  has  been  stopped,  and  the  gain  of  about  five  hundred  acres  of  ar 
ble  land  may  be  considered  as  permanent. 

The  town  of  Lucerne,  the  capital  of  the  canton  of  the  same  name,  an 
formerly  in  rotation  with  Berne  aud  Zurich,  the  seat  of  the  sessions  of  tl 
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Swiss  Diet,  is  beautifully  situated  on  the  lake  of  the  Forest  cantons, 
>n  a  level  piece  of  ground,  at  the  point  where  the  Eeuss  issues  from  the 
ake  to  join  the  Liinmat  in  its  course  to  the  Rhine.  Lucerne,  on  a  gala 
iay,  presents  an  interesting  sight  to  the  stranger.  When  I  saw  it,  the 
people  in  holiday  dress  were  collecting  from  all  quarters  to  the  lake 
side;  the  long  wooden  bridges  which  join  the  different  parts  of  the  town, 
ind  the  stone  lined  quays  along  the  Reuss,  were  thronged  with  people 
pressing  toward  the  same  point.  The  women  from  the  country  wearing 
the  hair  plaited  on  the  crown  of  the  head,  or  black  caps  with  mohair 
lace  wings,  and  long  phvits  of  hair  and  black  ribbons  falling  down  the 
back,  accompanied  by  men  in  plain  attire,  all  speaking  the  harsh  patois 
derived  from  the  Southern  German.  Even  the  bridge  from  the  Abbey 
had  its  passengers,  though  now  few  indeed  in  numbers,  and  a  few  Cor- 
deliers were  seen  mingling  with  the  throng.  The  windows  of  the  tall 
houses  near  the  wharf  presented  an  array  of  the  notables  of  Lucerne, 
and  even  some  members  of  the  diet  might  be  pointed  out  to  the  stranger. 
The  bells  were  ringing  at  intervals,  and  cannon  pointed  toward  the 
lake  were  prepared  for  a  salute.  The  American  smiles  complacently 
when  told  the  cause  of  all  this  circumstance.  The  first  steamboat  navi- 
gating tlM3  lake  is  expected  on  its  first  return  trip  from  Altdorf,  and 
even  now  may  be  seen  rounding  a  neighboring  point.  The  excitement 
increases  as  the  wonderful  boat  approaches,  and  we  are  carried  in  im- 
agination back  to  the  days  of  1807,  when  New  York  poured  out  its  popu- 
lation to  greet  the  return  of  the  first  adventure  of  the  great  Fulton. 
No  doubt  now  mingles,  as  then  it  did,  with  expectation,  and  amid  the 
hoarse  noise  of  loud  German  exclamations  and  hurrahs,  and  the  discharge 
of  artillery,  the  boat  approaches.  It  is  wonderful  to  see  how  at  once 
the  art  of  managing  the  vessel  has  been  acquired  I  How  imitative  a 
creature  man  is!  The  captain  is  mounted  upon  the  wheel-guard  directing 
the  pilot  and  engineer  with  his  hand.  The  headway  is  checked  judi- 
sionsly,  and  now  the  boat  nears  the  wharf.  With  what  precision  and 
skill  this  manoeuvre  is  executed  for  the  first  time !  The  thought  is  hardly 
complete,  when  rising  loud  and  clear  above  the  hoarse  gutturals  of  the 
mob,  comes  to  do  away  all  mystery,  to  explain  the  whole,  in  good  home- 
spun English,  tiie  well-known  cry  of  "Stop  her!"  The  engine  was 
built  in  England,  put  up  by  Englishmen,  and  is  now  managed  in  its  first 
trial  by  them  ;  and  thus  the  mechanics  and  manufacturers  of  that  great 
nation  lay  not  only  Switzerland,  but  all  the  continent  of  Europe,  under 
contribution,  as  a  return  for  the  money  spent  abroad  by  her  travelers. 

The  Swiss  Confederacy  is,  politically  considered,  even  a  weaker  gov- 
ernment than  ours  was  under  the  old  Articles  of  Confederation ;  at  all 
events  weaker  for  every  purpose  not  merely  military.  The  act  of  con- 
federation now  in  force  dates  from  1815,  and  all  the  attempts  made 
since  its  adoption  to  modify  it  so  as  to  produce  a  stronger  government, 
by  cementing  the  union  more  closely,  have  failed.  The  cantonal  spirit 
resists  the  least  encroachments  upon  its  independence.  *  The  act  of  con- 
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federation  guarantees  to  each  canton  its  liberty,  its  indepemlence,  its 
safety  from  foreign  aggression,  and  peace  ^nd  tranquillity  withiu.  To 
maintain  this  guarantee  and  to  preserve  the  armed  neutrality  of  Switzer- 
land, a  contingent  of  33,000  men  and  $140,000  is  required  from  the  can- 
tons in  proportion  to  their  population  and  other  circumstances. 
The  moditied  constitution  declared  every  Swiss  to  be  a  soldier,  express- 
ing only  what  is  the  fact,  the  military  spirit  being  kept  constantly 
alive  from  the  belief  that  it  is  essential  to  the  independence  of  the  coun- 
try. In  case  of  the  invasion  of  a  canton,  or  of  violence  against  tha 
actual  government,  the  confederation  is  bound,  upon  a  summons,  to 
an  armed  intervention;  and,  in  case  of  necessity,  a  neighboring  canton 
may  lend  its  aid.  This  provision  has  been  a  fertile  source  of  diflBcuity, 
for  on  the  one  hand  the  cantons  claim  the  right  of  revolution,  and,  on 
the  other,  the  diet  that  of  intervention.  The  cantons  have  no  right  to 
form  leagues  with  each  other.  No  privileged  classes  may  be  estiiblisbed 
in  any  of  them.  The  transit  of  articles  of  merchandise  and  mano- 
factures,  and  of  the  necessaries  of  life,  through  the  different  cantons  is 
guaranteed.    Such  are  the  leading  articles  of  the  constitution. 

The  diet  is  the  highest  authority  of  the  confederacy,  and  consists  of 
deputies  from  the  twenty-two  cantons,  who  vote,  unless  specially  in- 
vested with  discretionary  power,  according  to  instiuctions  derived  from 
the  cantonal  governments.  Eaeh  canton  has  one  vote  in  the  diet^  The 
regular  meetings  of  this  body  are  held  yearly,  and  the  senior  deputy  of 
the  canton  where  the  meeting  is  held  presides.  Executive  power  durinjr 
the  recess  of  the  diet  may  be  vested  in  the  authorities  of  the  canton 
where  the  meeting  of  the  year  is  to  be  held,  or  in  a  special  executive 
council.  The  diet  declares  war  and  makes  treaties  of  peace  and  alliance; 
such  measures  requiring  a  majority  of  three-fourths  of  the  votes.* 

In  the  summer  of  1837  the  diet  met  at  Lucerne.    The  stormy  session 
of  the  year  before  at  Berne,  in  which  they  had  borne  themselves  so  gal- 
lantly in  opposition  to  the  demands  of  France,  was  still  fresh  in  the 
recollection ;  but  with  the  adjustment  of  the  difficulties  the  excitement 
produced  by  them  had  subsided.    On  that  occasion  it  was  said  that 
Switzerland  had  spoken  even  in  a  boasting  tone,  or,  in  the  language  oi 
the  French  journalists,  as  if  she  were  a  first-rate  power  instead  of  ^ 
fourth.    The  national  feeling  which  dictated  this  tone  may  be  explained 
and  felt  by  the  remark  of  Professor  Monnard,  of  Vaud,  by  whom  tl^^ 


*  The  foregoing  remarks  apply  to  the  political  condition  of  the  Swiss  Coufederati( 
previous  to  the  l*2th  of  September,  1848,  when  the  revised  federal  constitution  now  r^ 
force  was  adopted.    This  instrument  is  very  similar  to  that  of  the  United  States,  onl^ 
paying  somewhat  more  deference  to  states  rights,  and  vesting  the  executive  jwwer  i^ 
a  cabinet  (federal  council)  elected  by  congress  in  joint  session,  the  chairman  whereo"^ 
being  denominated  President  of  Switzerland.    The  legislative  authority  is  vested  in  is^ 
federal  a-ssembly,  (congress,)  composed  of  a  national  council  (house  of  representatives ]C^ 
and  a  staenderath  or  States  council,  (senate  ;)  the  supremo  court  and  executive  au-^ 
thority  being  both  elected  by  the  federal  assembly  or  congress,  in  joint  session,  in  which  ^ 
ia  vested  the  supremo  power  of  the  land.    Bemo  is  the  permanent  capitaL 
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tlireatening  language  was  spoken,  "  we  cannot  recognize  a  first-rate  and 
a  second  rate  national  honor/' 

There  is  still  something  of  the  "  feudalism  of  democracy,"  as  a  dis- 
tinguished author  has  called  it,  in  the  ceremonies  of  the  diet,  walking 
in  procession  to  their  hall  where  their  deliberations  take  place,  wearing 
cloaks  embroided  with  the  arms  of  their  cantons,  and  even  of  more  than 
one  color,  received  by  double  rows  of  guards,  and  deliberating  with 
swords  by  their  sides.    The  antiqitated  costumes  are  destined  to  disap- 
X)ear  with  many  feudal  forms,  but  the  delegates  from  those  cantons,  the 
democratic,  where  the  least  change  has  taken  place  in  their  institutions, 
are  wedded  to  their  old  garments  as  well  as  to  the  old  constitution.    In 
the  hall  of  meeting  twenty-one  seats  are  arranged  about  an  oval  table 
for  the  senior  representatives,  the  president  having- his  seat  at  the  one 
extremity  of  the  table,  and  the  consulting  deputies  occupying  small 
tables  in  the  rear.    The  members  do  not  rise  when  addressing  the  chair, 
which  has  an  awkward  effect,  and  must  be  embarrassing  to  the  lively 
delegates  of  the  Italian  and  French  cantons ;  but  all  minor  embarrass- 
nieuts  yield  to  that  of  the  use  of  three  different  languages,  the  French,  Ger- 
man, and  Italian,  by  members  from  the  different  cantons,  while  a  major- 
ity of  the  deputies  understand  but  one.    A  glance  at  these  representa- 
tives will  illustrate  the  diflSculties  of  forming  a  Swiss  union.    What  has 
the  man  of  Tessin  really  in  common  with  him  of  Geneva!    The  one  is  a 
Roman  Catholic,  the  other  a  Oalvinist ;  the  one  a  republican  of  the  most 
democratic  school,  the  other  an  aristocrat  by  principle,  and  perhaps  by 
birth ;  the  one  is  from  a  rough  pastoral  or  agricultural  district,  the  other 
from  a  city  where  the  more  refined  mechanic  arts  flourish ;  the  one  from 
a  small  community,  all  the  members  of  w^jich  are  nearly  equal  in  the 
means  of  life  and  in  education,  the  other  from  a  town  where  wealth  and 
education  are  very  unequally  distributed ;  the  one  in  speech  antltJilian, 
the  other  a  Frenchman.    Again,  what  has  the  educated  and  polished 
professor  of  Lausanne,  or  the  merchant  and  baulcer  of  Basle,  in  common 
with  the  peasant  of  Appenzele  or  the  shepherd  of  Uri?    With  all  these 
diversities  they  are  brought  together  in  part  by  a  sentiment — the  love 
of  liberty ;  in  part  by  a  necessity — that  of  mutual  defense.    The  progress 
of  the  cantons  in  education  and  the  arts  of  life  will  doubtless  draw  their 
bonds  gradually  closer,  and  to  have  attempted  a  union  in  1832  is  to 
have  laid  the  basis  for  it  at  some  other  time.    Meanwhile  the  confeder- 
ation, if  it  does  not  directlj^  aid  the  cantons  in  their  career  of  improve- 
ment, at  least  goes  far  to  guarantee  the  continuation  of  that  peace  which 
is  essential  to  progress. 

Let  us  turn-  our  backs  upon  the  mountains,  to  glance  merely,  for  that 
is  all  that  can  be  attempted,  at  Zurich,  one  of  the  cantons  of  the  plain, 
if  any  part  of  Switzerland  can  be  called  a  plain;  one  of  the  farthest 
advanced  of  all  in  the  mechanic  arts,  manufactures,  education,  and  good 
government.  Here  the  republican  change  was  brought  about  in  1830, 
by  a  simple  change  of  administration,  the  council  uot  being  required  to 
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abdicate  as  at  Berne,  and  up  to  this  time  a  struggle  for  power  goes  on 
between  the  partisans  of  a  former  order  of  things  and  the  clergy  against 
the  new  order,  and,  from  time  to  time,  one  ^or  the  other  uifluence  pn< 
vails.  The  canton,  meanwhile,  steadily  advances.  Suffrage  is  univer 
sal ;  the  right  to  vote  beginning  at  twenty  years  of  age. 

The  progress  of  the  canton  since  the  new  order  of  things  may  be  best 
illustrated  by  a  few  fticts.    The  press  is  free,  the  legislative,  executive, 
and  judicial  departments  have  been  separated,  public  instruction  has 
been  set  forth  as  one  of  the  first  duties  of  the  state,  and  invasion  of 
domicile  has  been  declared   unlawful.    To  these  intellectual  iiiii>ro\> 
ments  may  be  added  physical  or  material  ones;  good  roadis  have  been 
made  throughout  the  ciinton  and  stage  coaches  put  upon  them,  so  that 
instead  of  ten  or  twelve  people  leaving  Zurich,  or  entering  it,  ])er  day, 
there  are  now  one  hundred  and  ten.    The  poor  tax  is  at  the  rate  of  but 
5  cents  per  ajinum  for  each  citizen  inhabiting  the  canton ;  the  church 
rate  18  cents ;  and  the  expense  of  the  civil  list  20  cents.     Finally  the 
revenue  in  1832  exceeded  the  expenditure  by  $100,000,  and  this  surplus 
has  been  devoted  to  the  cause  of  material  and  intellectual  improvement 

From  the  hasty  and  imperfect  glance  which  we  have  now  taken  to- 
gether of  republican  Switzerland,  what  conclusion  may  we  draw  as  to 
the  capacity  of  the  principle  which  connects  these  people,  to  produce 
their  happiness,  their  moral,  intellectual,  and  physical  improvement! 

In  the  distance  which  separates  us  from  them  the  minuter  shades  of 
character  are  lost.  We  do  not  discern  the  men  of  Geneva,  of  Vand,  of 
Eerne,  and  of  Zurich,  but  the  men  of  Switzerland.  Standing  out  from  the 
picture,  like  the  lofty  summits  of  their  own  mountain  chains,  ai-e  the 
prominent  characteristics  of  the  people.  Frugality,  perseverance,  lianly 
enterprise,  high  moral  and  religious  feeling,  lofty  patriotism;  these  are 
the  cha^^acteri sties  of  the  Swiss  nation. 

How  far  these  uoble  qualities  are  the  result  of  their  political  iustitu- 
tions,  or  whether  the  ingtitutious  owe  their  origin  to  these  very  qualities 
of  the  people,  it  is  needless  to  inquire,  since  what  greater  praise  can  be 
awarded  than  the  truth,  that  the  institutions  of  Switzerland  are  in  har- 
mony with  the  free  spirit  of  the  people,  and  the  spirit  of  the  i^eople  with 
their  noble  republican  institutions. 


Oi\   A   PHYSICAL   OBSERTATORT. 


By  Prof.  Joseph  Henhy. 


Smithsonian  Institution, 

Washington  J  December  29,  1870. 

My  Dear  Sir:  Yours  of  the  28th  of  November  was  duly  received,  but 
I  delayed  answering  it  until  the  pressure  of  business  which  accumulated 
during  my  absence  should  have  somewhat  subsided,  and,  also,  that  I 
might  receive  the  plans  which  you  mention.  I  am  now  gratified  in 
being  able  to  inform  you  that  my  visit  to  Europe  was  both  pleasant 
and  profitable,  and  that  I  have  returned  much  improved  in  health  and 
with  enlarged  views  as  to  the  present  state  of  science  in  the  Old  World. 

While  abroad  I  gave  special  attention  to  physical  observatories,  of 
which  there  are  several  in  England  and  on  the  continent,  although 
there  is  no  one  which  fully  realizes  my  idea  of  what  such  an  establish- 
ment ought  to  be. 

A  physical  observatory  is  one  the  primary  object  of  which  is  to  in- 
vestigate the  physical  phenomena  of  the  earth  and  the  heavenly  bodies 
in  contradistinction  to  an  ordinary  astronomical  observatory,  which  is 
principally  devoted  to  the  observation  and  discussion  of  the  motions  of 
the  planets,  and  the  determination  of  the  relative  ]X)sitions  of  the  fixed 
stars.  Of  the  latter  kind  but  one  or  two  are  needed  in  any  country, 
and  as  these  require  a  numerous  corps  of  observers  and  computers  they 
can  only  be  supported  by  appropriations  annually  from  a  national  gov- 
ernment. The  United  States  Observatory  at  Washington  is;  of  this 
chara<;ter,  and,  including  all  expenses,  requires  an  annual  appropriation 
of  at  least  $50,000.  The  labors  of  such  an  observatory  are  indispens- 
able to  the  advancement  of  the  science  of  theoretical  astronomy,  and  its 
application  to  geodesy  and  geography. 

The  establishment  I  would  advise  you  to  found  is  of  the  character  of 
the  one  first  mentioned,  namely,  a  physical  observatory,  the  principal 
object  of  which  would  be,  as  1  have  indicated,  to  investigate  the  nature 
and  changes  of  the  constitution  of  the  heavenly  bodies;  to  study  the 
various  emanations  from  these  in  comparison  with  the  results  of  experi- 
ments, and  to  record  and  investigate  the  different  phenomena  which  are 
included  under  the  general  term  of  terrestrial  physics. 

A  wide  field  has  been  opened  for  the  study  of  the  nature  of  the  sun 
and  other  heavenly  bodies  by  the  application  of  the  spectroscope,  dif- 
ferent modifications  of  the  telescope,  and  other  lately  invented  appliances. 
We  now  know  thatthesunis  undergoing  remarkable  changes,  the  charac- 
ter of  which  can  only  bo  ascertained  by  the  results  of  accurate  observa- 
Tions  compared  with  those  of  experimental  investigation.    The  observer 
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should  divide  bis  attention  between  the  phenomena  revealed  by  a  criti- 
cal and  continued  exainination  of  the  sun  and  the  production  of  similar 
phenomena  in  the  laboratory.  In  this  way  European  inve^Jtigators  have 
arrived  at  most  interesting  results. 

Again,  we  know  that  the  emanations  from  the  sun,  and  probably 
from  the  stars,  differ  essentially  in  character.  There  is,  first,  the  ema 
nation  known  as  light,  which  of  itself  consists  of  various  rays,  which 
generally  indicate  the  incandescence  of  substances,  which  give  tbe 
sensation  of  difierent  colors,  and  those  which,  in  their  ordinary  condition, 
are  imperceptible  to  the  eye,  but  which  may  be  perceived  by  that  or^n 
att^r  they  have  passed  through  certain  liquids;  next,  the  heat  emana- 
tion, which  is  also  of  different  kinds;  then  the  chemical  emanation, by 
which  photographic  impressions  are  produced;  and,  lastly,  the  phospbo- 
rogenic  emanation,  which  abounds  also  in  the  electric  discharge,  and 
which  produces  the  glow  of  the  diamond  and  the  luminosity  of  the  com- 
pounds of  lime,  barium,  and  other  substances  with  sulphur.  To  study 
these  or  other  emanations  as  they  may  appear  in  the  fixed  stars,  or  arc 
reflected  from  the  moon  and  planets,  or  as  thej^  may  be  found  iu  tbe 
aurora  borealis,  the  zodiacal  light,  and  in  shooting-stars  or  larger  mete 
ors,  requires  i)eculiar  instruments,  and  such  as  are  not  found,  at  present, 
in  ordinary  astronomical  observatories.  For  example,  the  celestial  pbe* 
nomena  which  address  themselves  to  the  sense  of  sight  are  studied  by 
means  of  refracting  telescopes,  as  are,  also,  those  of  the  photographic 
ray,  althougli  this  requires  a  peculiar  form  of  lens,  while  the  heat  ray 
of  lower  intensity  and  the  phosphorogenic  ray  are  not  transmitted  by 
glass:  the  former  is  readily  converged  to  a  focus  by  a  lens  of  rock  salt, 
and  the  latter  by  one  of  quartz.  They  may  all,  however,  as  in  the  caso 
of  light,  be  concentrated  into  foci  by  metallic  reflectors. 

In  i^egard  to  terrestrial  physics,  the  phenomena  are  also  various,  and 
the  forces  by  which  they  are  produced  are  constantly  changing  both  in 
intensity  and,  in  some  cases,  in  direction.    We  now  know  that  the 
magnetism  of  the  earth  scarcely  remains  the  same  from  one  moment  to 
another,  and  that  these  changes  are  connected  with  the  appearance  of 
the  aurora  borealis  and  electrical  discharges  in  the  atmosphere.    Tbes^ 
also,  in  all  probability,  may  ultimately  be  referred  to  disturbances  pro- 
duced by  external  influences,  such  as  those  from  the  sun^  moon,  au  ^^ 
ydanets.    Furthermore,  we  may  now  consider  the  whole  earth  as  C^^ 
immense  conductor  charged  with  negative  electricity,  of  which  t 
intensity  is  in  a  continued  state  of  change,  and  of  which  a  knowledge 
the  laws,  as  well  as  those  of  the  changes  of  magnetism,  is  highly  desin^'^ 
ble.    For  the  proper  study  of  these,  contiiiuous  self-recording  iustn^ 
ments  are  necessary. 

There  is  also  an  important  field  of  observation  iu  regard  to  ordinary 
meteorology,  such  as  the  changes  of  the  pressure  of  the  atmosphen*^ 
and  its  connection  with  other  phenomena;  of  the  normal  and  abnorm;i^ 
winds;  isolated  currents  of  the  atmosphere,  and  esiK»cially  those  of 


ON   A   PHYSICAL   OBSERVATORY.  143 

ertical  ilirection ;  tbe  radiatiou  of  heat  from  clouds  and  different  ter- 
?strial  surfaces;  the  variation  of  its  intensity  in  ascending  above  and 
enetrating  below  the  surface  of  the  earth,  &e.  In  short,  the  fiel(J  is 
Imost  boundless,  and  every  year  reveals  new  facts  in  terrestrial  and 
3lestial  i)hysics,  which  never  fail  to  furnish  new  points  for  investigation 
)  tliose  wlio  are  qualified  by  education  and  endowed  by  nature  for 
leir  proper  appreciation. 

The  conductor  of  an  observatory,  such  as  I  have  mentioned,  to  be 
iiccessful,  must  have  peculiar  characteristics.  He  must  possess  a 
linute  knowledge  of  all  the  latest  discoveries  in  physics,  a  keen  eye  to 
etect  new  appearances,  imagination  to  suggest  hyi>othetical  causes, 
)gical  power  to  deduce  consequences  from  these  to  be  tested  by  obser- 
ation  or  experiment,  and  ingenuity  to  devise  apparatus  for  verifying 
r  disproving  his  deductions.  When  such  a  man  is  found  he  should  be 
onsecrated  to  science  and  fully  furnished  with  all  the  implements 
lecessary  for  the  prosecution  of  his  researches,  those  of  physics  as  well 
\s  of  astronomy,  and  himself  and  family  placed  beyond  all  anxiety  as  to 
he  supply'  of  their  necessary  wants.  It  may  not  be  amiss  to  combine 
nth  his  studies  and  duties,  in  the  way  of  research,  a  small  amount  of 
ecturing — just  enough  by  sympathetic  communication  with  admiring 
mpils  to  fan,  as  it  were,  his  enthusiasm,  and  to  impart  a  portion  of  it  to 
)thers.  He  should  also  have  at  his  command  a  skillful  workman,  who, 
mder  his  direction,  could  construct  the  temporary  apparatus  which  are 
•onstantly  required  in  original  research.  It  is  also  important  that  he 
)e  associated  with  the  faculty  of  a  well-endowed  college  or  university, 
o  which  he  will  become  an  important  acquisition  both  in  regard  to  the 
eputatiou  which  he  will  give  to  the  institution,  and  the  effect  he  will 
lave  on  the  other  members  of  the  faculty  in  the  way  of  stimulating 
hem  to  higher  efforts.  In  such  an  association  he  can  cnll  for  the  coop- 
eration of  the  professors,  and  especially  that  of  the  physicist,  the 
chemist,  and  the  mathematician. 

One  of  the  most  important  points,  perhaps,  to  which  I  should  call 
yOur  attention  is  that  of  the  building  to  be  erected,  since,  from  the  ten- 
iency  to  error  in  this  line,  more  injury  has  resulted  to  public  institu- 
tions in  this  country  than  from  any  other  cause.  It  should  be  recollected 
that  "  money  is  power  j'^  that  every  dollar  possesses  a  definite  amount  of 
potential  energy,  as  it  were,  which  can  always  command  intellectual  or 
physical  labor.  But  money  as  a  power  is  unlike  all  other  kinds  of  power, 
in  that  it  is,  by  judicious  investment,  capable  of  yielding  a  constant 
supply  of  energy,  in  the  way  of  interest,  without  diminishing  the  origi- 
nal amount.  It  is,  therefore,  in  the  highest  degree  injudicious  in  the 
founding  of  an  establishment  to  exhaust  the  source  of  its  power  by 
architectural  displays  not  absolutely  required,  and  which  may  forever 
involve  a  continual  expense  from  the  remaining  funds  to  keep  them  in 
repair.  As  a  general  rule,  the  buildings  of  educational  or  scientific  in- 
stitutions should  be  gradually  evolved  from  the  experience  and  wants 
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of  the  esiablisliment,  and  not,  as  is  too  frequently  the  case,  from  a  prion 
misconceptions  of  those  who  have  no  adequate  idea  of  the  uses  to  which 
the  structure  is  to  be  applied.    It  should  be  impressed  upon  the  public 
that  buildings  do  not  constitute  an  institution,  and  that  reputation  and 
usefulness  in  science  do  not  flow  from  visible  and  tangible  manifesta- 
tions, but  are  the  immaterial  fruit  produced  by  the  spirit  of  an  organiza- 
tion.   I  trust  that  millions  of  human  beings  yet  unborn  will  be  familiar 
with  the  intellectual  results  of  your  observatory,  although  a  single  in- 
quiry may  never  be  made  as  to  the  style  of  the  building  in  which  tbes^ 
results  have  been  produced. 

My  advice,  then,  would  be :  first,  if  possible,  that  the  right  man  be 
procured  for  director;  secondly,  that  the  principal  instruments  be  con- 
structed under  his  supervision ;  and,  thirdly,  that  the  operations  be  com- 
menced in  an  inexpensive  wooden  building,  which  will  be  found  better 
in  many  respects  for  physical  and  astronomical  observations  than  one 
of  stone  and  brick.  The  instruments  could  be  insured,  I  should  think, 
at  a  small  premium,  and  in  that  case,  if  destroyed  by  fire,  might  be  re- 
placed by  others  embracing  the  improvements  which  may  have  bein 
suggested  in  the  mean  time. 

As  an  illustration  of  what  I  have  just  said  in  regani  to  the  building, 
I  may  mention  that  in  a  visit  to  Mr.  Lockyer  I  found  him  carrying  on  a 
series  of  observations  which  have  challenged  the  admiration  of  the  world 
in  a  temporary  structure  made  of  rough  boards,  unplastered,  and 
scarcely  including  a  space  of  fifteen  feet  square. 

As  to  the  location  of  your  observatory,  you  will  infer  fi'om  what  1 

have  said  that  I  think  it  important  to  connect  it  with  some  well-endowed 

and  well-established  college  or  university. 

JOSEPH  UENRY, 

Secretary  Smithsonian  Institution, 
To . 


VB  HISTORY  OF   MT   YOUTH:   AH   AUTOBIOGRiPHT  OF   FRAITGIS  ARAGO. 


[To  keep  up  the  series  of  publications  of  eulogies  of  distinguished  men,  which  has 
»een  a  special  feature  of  the  Appendix  to  the  Smithsonian  Reports,  the  following  auto- 
»iograpby  and  the  eulogies  of  Herschel  and  Fourier  are  copied  from  the  volume,  now 
)ut  of  print,  of  the  translations  by  the  late  Admiral  Smyth,  the  late  Rev.  Baden 
*owell,  and  Prof.  Grant,  from  the  works  of  Arago. — J.  H] 

I  have  not  the  foolish  vaaity  to  imagine  that  any  one,  even  a  short 
ime  hence,  will  have  the  curiosity  to  find  oat  how  my  first  education 
^as  given,  and  how  my  mind  was  developed ;  but  some  biographers, 
pirriting  offhand  and  without  authority,  having  given  details  on  this 
mbject  utterly  incorrect,  and  of  a  nature  to  imply  negligence  on  the  part 
>f  my  parents,  I  consider  myself  bound  to  put  them  right. 

I  was  born  on  the  26th  of  February,  1786,  in  the  commune  of  Estagel, 
in  ancient  province  of  Uoussillon,  (department  of  the  Eastern  Pyrenees.) 
liiy  father,  a  licentiate  in  law,  had  some  little  property  in  arable  land,  in 
nneyards,  and  in  plantations  of  olive  trees,  the  income  from  which  sup- 
ported his  numerous  family. 

I  was  thus  three  years  old  in  1789,  four  years  old  in  1790,  five  years 
in  1791,  six  years  in  1792,  and  seven  years  old  in  1793,  &c. 

The  reader  has  now  himself  the  means  of  judging  whether,  as  has 
)een  said,  and  even  stated  in  print,  I  had  a  hand  in  the  excesses  of  our 
irst  revolution. 

My  parents  sent  me  to  the  primary  school  in  Estagel,  where  I  learned 
he  rudiments  of  reading  and  writing.  I  received,  besides,  in  my 
ather's  house,  some  private  lessons  in  vocal  music.  I  was  not  otherwise 
litber  more  or  less  advanced  than  other  children  of  my  age.  I  enter 
nto  these  details  merely  to  show  how  much  mistaken  are  those  who 
lave  printed  that  at  the  age  of  fourteen  or  fifteen  years  I  had  not  yet 
earned  to  read. 

Estagel  was  a  halting  place  for  a  portion  of  the  troops  who,  coming 
Tom  the  interior,  either  went  on  to  Perpignan,  or  repaired  direct  to  the 
irmy  of  the  Pyrenees.  My  parents'  house  was  therefore  constantly  full 
Df  officers  and  soldiers.  This,  joined  to  the  lively  excitement  which  the 
Spanish  invasion  had  produced  within  me,  inspired  me  with  such  de- 
sided  military  tastes  that  my  family  was  obliged  to  have  me  narrowly 
(ratched  to  prevent  my  joining  by  stealth  the  soldiers  who  left  Estagel. 
[t  often  happened  that  they  caught  me  at  a  league's  distance  from  the 
(Tillage,  already  on  my  way  with  the  troops. 

On  one  occasion  these  warlike  tastes  had  nearly  cost  me  dear.  It  was 
;ho  night  of  the  battle  of  Peires-Tortes.  The  Spanish  troops  in  their 
retreat  bad  partly  mistaken  their  road.    I  was  in  the  square  of  the  vil- 
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lage  before  daybreak.  I  saw  a  brigadier  and  five  troopers  come  up, 
who,  at  the  sight  of  the  tree  of  liberty,  called  out,  '^  Sotnos  perdidmr 
I  i*an  immediately  to  the  house  to  arm  myself  with  a  lance  which  had 
been  left  there  by  a  soldier  of  the  levee  en  moMe^  and  placing  myself  in 
ambush  at  the  corner  of  a  street,  I  struck  with  a  blow  of  this  weapon 
the  brigadier  placed  at  the  head  of  the  party.  The  wound  was  not  dan 
gerous.  A  cut  of  the  saber,  however,  was  descending  to  punish  my 
hardihood,  when  some  countrymen  came  to  my  aid,  and,  armed  witJi 
forks,  overturned  the  five  cavaliers  from  their  saddles,  and  made  tbem 
prisoners.    I  was  then  seven  years  old.* 

My  father  having  gone  to  reside  at  Perpiguan,  as  treasurer  of  tk 
mint,  all  the  fiamily  quitted  Estagel  to  follow  him  there.  I  was  then 
placed  as  an  outdoor  pupil  at  the  municipal  college  of  the  town,  where 
I  occupied  myself  almost  exclusively  with  my  literary  studies.  Oor 
classic  authors  had  become  the  objects  of  my  favorite  reading.  Bat  the 
direction  of  my  ideas  became  changed  all  at  once  by  a  singular  circiiffl- 
stance  which  I  will  relate. 

Walking  one  day  on  the  ramparts  of  the  town,  I  saw  an  officer  of  en- 
gineers who  was  directing  the  execution  of  the  repairs.  This  officer, 
M.  Cressac,  was  very  young.  I  had  the  hardihood  to  approach  him  and 
to  ask  him  how  he  had  succeeded  in  so  soon  wearing  an  epaulette.  ^^I 
come  fix)m  the  Polytechnic  School,^  he  answered.  ^^  What  school  is 
that  F  ^^  It  is  a  school  which  one  enters  by  an  examination."  ^'  Is  mach 
expected  of  the  candidates  t"  ^^  You  will  see  it  in  the  programme  which 
the  government  sends  every  year  to  the  departmental  administration; 
you  will  find  it  moreover  in  the  numbers  of  the  journal  of  the  schod, 
which  are  in  the  library  of  the  central  school." 

I  ran  at  once  to  the  library,  and  there,  for  the  first  time,  I  read  the 
programme  of  the  knowledge  required  in  the  candidates. 

From  this  moment  I  abandoned  the  classes  of  the  central  school,  wb^ 
I  was  taught  to  admire  Corneille,  Bacine,  La  Fontaine,  Moli^re,  and 
attended  only  the  mathematical  course.  This  course  was  intaiisted  to 
a  retired  ecclesiastic,*  the  Abb^  Yerdier,  a  very  respectable  man,  bat 
whose  knowledge  went  no  farther  than  the  elementary  course  of  l4 
Gaille.  I  saw  at  a  glance  that  M.  Yerdier's  lessons  would  not  be  saffi* 
cient  to  secure  my  admission  to  the  Polytechnic  School ;  I  therefora 
decided  on  studying  by  myself  the  newest  works,  which  I  sent  for  fros 
Paris.  These  were  those  of  Legendre,  Lacroix,  and  Garnier.  In  going 
through  these  works  I  often  met  with  difficulties  which  exceeded  my 
powers ;  happily,  strange  though  it  be,  and  perhaps  without  example  in 
all  the  rest  of  France,  there  was  a  proprietor  at  Estagel,  M.  Baynal,  who 
made  the  study  of  the  higher  mathematics  his  recreation.  It  was  in  his 
kitchen,  while  giving  orders  to  numerous  domestics  for  the  labors  of 

*  With  snch  precocious  heroism  it  is  by  no  means  so  clear  that  the  author  might  not 
have  had  a  hand  in  the  revolution,  from  which  he  endeavors  above  to  exculpate  him- 

Mif. 


AUTOBIOGRAPHY  OF  FRANCIS  ARAGO.  147 

he  next  day,  that  M.  Eaynal  read  with  advantage  the  ^'  Hydraulic  Archi. 
ecture'*  of  Prony,  the  "  Mdcanique  Andlytique,''  and  the  "M^canique 
/^leste.''  This  excellent  man  often  gave  me  useful  advice ;  but  I  must 
ay  tliat  I  found  my  real  master  in  the  cover  of  M.  Garnier's  "  Treatise 
n  wA.lgebra,''  This  cover  consisted  of  a  printed  leaf,  on  the  outside  of 
rhicli  blue  paper  was  pasted.  The  reading  of  the  page  not  covered 
lade  me  desirous  to  know  what  the  blue  paper  hid  from  me.  1  took  otF 
liis  pai^er  carefully,  having  first  damped  it,  and  was  able  to  read  under- 
eatb  it  the  advice  given  by  d'Alembert  to  a  young  man  who  communi- 
ated  to  him  the  difliculties  which  he  met  with  in  his  studies :  ^^  Go  on^ 
ir,  go  on,  and  conviction  will  come  to  you." 

This  gave  me  a  gleam  of  light;  instead  of  persisting  in  attempts  to 
omprehend  at  first  sight  the  propositions  before  me,  I  admitted  their 
ruth  provisionally.  I  went  on  farther,  and  was  quite  surprised,  on  the 
Qorrow,  that  I  comprehended  perfectly  what  over-night  appeared  to  me 

0  be  encompassed  with  thick  clouds. 

I  thus  made  myself  master,  in  a  year  and  a  half,  of  all  the  subjects 
x>titained  in  the  programme  for  admission,  and  I  went  to  Montpellier 
to  undergo  the  examination.  I  was  then  sixteen  years  of  age.  M.  Monge, 
jr.,  the  examiner,  was  detained  at  Toulouse  by  indisposition,  and  wrote 
bo  the  candidates  assembled  at  Montpellier  that  he  would  examine  them 
in  Paris.    I  was  myself  too  unwell  to  undertake  so  long  a  journey,  and 

1  returned  to  Perpignan. 

There  I  listened  for  a  moment  to  the  solicitations  of  my  family,  who 
pressed  me  to  renounce  the  prospects  which  the  Polytechnic  School 
opened.  But  my  taste  for  mathematical  studies  soon  carried  the  day. 
I  increased  my  library  with  Baler's  "Introduction  d.  I'Analyse  Infinit^si- 
male,''  with  the  "  E^solntion  des  Equations  Num^riques,"  with  Lagrange's 
"  Th6orie  des  Fonctions  Analytiques,"  and  "  M6canique  Analytique,"  and 
finally  with  Laplace's  "  M^canique  Celeste."  I  gave  myself  up  with  great 
ardor  to  the  study  of  these  books.  From  the  journal  of  the  Poly  techniiD 
School,  containing  such  investigations  as  those  of  M.  Poisson  on  £limi< 
nation,  I  imagined  that  all  the  pupils  were  as  much  advanced  as  this 
geometer,  and  that  it  would  be  necessary  to  rise  to  this  height  to  sue- 
ceeo. 

From  this  moment  I  prepared  myself  for  the  artillery  service,  the 
aim  of  my  ambition ;  and  as  I  had  heard  that  an  officer  ought  to  under- 
stand music,  fencing,  and  dancing,  I  devoted  the  first  hours  of  each  day 
to  the  cultivation  of  these  accomplishments. 

The  rest  of  the  time  I  was  seen  walking  in  the  moatfi  of  the  citadel  of 
Perpignan,  seeking  by  more  or  less  forced  transitions  to  pass  fi*om  one 
question  to  another,  so  as  to  be  sure  of  being  able  to  show  the  examiner 
how  far  my  studies  had  been  carried.* 

*  Mdcbain,  member  of  the  Academy  of  ScieQC^s  and  of  tlie  Institute,  was  charged 
in  1792  with  the  prolongation  of  the  measure  of  the  arc  of  the  meridian  in  Spain,  as  far 
as  Barcelona. 

Dnnn^  his  oper&tioDB  in  the  Pyrenees,  in  1794,  he  had  kno^ikm^  i«b\2EkSt^^V^iR%ik 
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At  last  the  moment  of  examination  arrived,  and  I  went  to  Touloiue 
in  company  with  a  candidate  who  had  studied  at  the  public  college.  It 
was  the  first  time  that  pupils  from  Perpignan  had  appeared  at  the  com- 
petition. My  intimidated  comrade  was  completely  discomfited.  When 
I  repaired  after  him  to  the  board,  a  very  singular  eonyersation  took 
place  between  M.  Monge,  the  examiner,  and  me. 

<<If  you  are  going  to  answer  like  your  comrade,  it  is  useless  for  me 
to  question  you." 

<^  Sir,  my  comrade  knows  much  more  than  he  has  shown ;  I  hope  I 
shall  be  more  fortunate  than  he;  but  what  you  have  just  said  to  me 
might  well  intimidate  me  and  deprive  me  of  all  my  powers." 

"Timidity  is  always  the  excuse  of  the  ignorant;  it  is  to  save  yon 
from  the  shame  of  a  defeat  that  I  make  you  the  proposal  of  not  exam- 
ining you.'' 

"  I  know  of  no  greater  shame  than  that  which  you  now  infiict  npoo 
me.    Will  you  be  so  good  as  to  question  met    It  is  your  duty.'' 

"  You  carry  yourself  very  high,  sir ;  we  shall  see  presently  whether 
this  be  a  legitimate  pride." 

"Proceed,  sir;  I  wait  for  you." 

M.  Monge  then  put  to  me  a  geometrical  question,  which  I  answered 
in  such  a  way  as  to  diminish  his  prejudices.  From  this  he  passed  onto 
a  question  in  algebra,  to  the  resolution  of  a  numerical  equation.  I  bad 
the  work  of  Lagrange  at  my  fingers'  ends;  I  analyzed  all  the  known 
methods,  pointing  out  their  advantages  and  defects;  Newton's  method, 
the  method  of  recurring  series,  the  method  of  depression,  the  method 
of  contitiued  fractions;  all  were  passed  in  review;  the  answer  had 
lasted  an  entire  hour.  Monge,  brought  over  now  to  feelings  of  great 
kindness,  said  to  me,  "  I  could,  from  this  moment,  consider  the  exam- 
ination at  an  end.  I  will,  however,  for  my  own  pleasure,  a«k  you  two 
more  questions.  What  are  the  relations  of  a  curved  line  to  the  straight 
line  which  is  a  tangent  to  it  ?  "    I  looked  upon  this  question  as  a  particular 

cue  of  the  administrators  of  thcdepartment  of  the  iTasten]  Pyrenees.    Later,  in  1S(3, 
when  the  question  was  agitated  as  to  the  continuation  of  the  measure  of  the  meridian 
line  as  far  as  the  Balearic  Islands,  M.  M^chain  went  again  to  Perpignan,  and  came  to 
pay  my  father  a  visit.    As  I  was  about  setting  off  to  undergo  the  examination  for  ad- 
mission at  the  Polytechiiic  School,  my  father  ventured  to  ask  bim  wbetber  he  conld 
not  recommend  me  to  M.  Monge.    **  Willingly/'  answered  he  ;  *'bnt,  with  the  frank- 
ness wbich  is  my  cbaracteristic,  I  ougbt  not  to  leave  you  unaware  that  it  appears  to 
me  improbable  tbat  your  son,  left  to  himself,  can  bave   rendered  himself  completely 
master  of  the  subjects  of  wbich  the  programme  cousists.    If,  however,  he  be  admitted 
let  him  be  destined  for  the  artillery  or  for  the  engineers.    The  career  of  the  sciences  of 
which  you  have  talked  to  me  is  really  too  difficult  to  go  through,  and,  unless  he  had 
a  special  calling  for  it,  your  son  would  only  fiud  it  deceptive."    Anticipating  a  little 
tbe  order  of  dates,  let  us  compare  this  advice  with  what  occurred.    I  went  to  Tou- 
louse, underwent  the  examination,  and  was  admitted.    One  year  and  a  half  afterward 
I  tilled  the  situation  of  secretary  at  the  Observator  y,  which  had  become  \  acant  by  the 
resignation  of  M.  Mdchain's  son.    One  year  and  a  half  later,  that  is  to  say,  four  yean 
after  the  Perpignan  "  horoscope,"  associated  with  M.  Biot,  I  filled  the  place,  in  Spain, 
of  the  ceJebrated  academician  who  had  dVeCi  t\i«t^  ^  n\s,\axki  1q  \i\a  labors. 
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case  of  the  theory  of  osculations  which  I  had  studied  in  Lagrange's 
**Fonctious  Awalytiques."  "  Finally,'' said  the  examiner  tome,  "how 
do  you  determine  the  tension  of  the  various  cords  of  which  a  funicular 
machine  is  composed?  "  I  treated  this  problem  according  to  the  method 
expounded  in  the  '*  M^canique  Analy  tique."  It  was  clear  that  Lagrange 
had  supplied  all  the  resources  of  my  examination. 

I  had  been  two  hours  and  a  quarter  at  the  board.  M.  Monge,  going 
from  one  extreme  to  the  other,  got  up,  came  and  embraced  me,  and  sol- 
emnly declared  that  I  should  occupy  the  first  place  on  his  list.  Shall  I 
confess  itf  During  the  examination  of  my  comrade  I  had  heard  the 
Toulousian  candidates  uttering  not  very  favorable  sarcasms  on  the 
pupils  from  Perpignan ;  and  it  was  principally  for  the  sake  of  reparation 
to  my  native  town  that  M.  Monge's  behavior  and  declaration  trans- 
ported me  with  joy. 

Having  entered  the  Polytechnic  School,  at  the  end  of  1803  I  was 
placed  in  the  excessively  boisterous  brigade  of  the  Gascons  and  Britons. 
I  should  have  much  liked  to  study  thoroughly  physics  and  chemistry', 
of  which  I  did  not  even  know  the  first  rudiments ;  but  the  behavior  of 
my  companions  rarely  left  me  any  time  for  it.  As  for  analysis,  I  had, 
already,  before  entering  the  Polytechnic  School,  learned  much  more  than 
was  required  for  leaving  it. 

I  have  just  related  the  strange  words  which  M.  Monge,  jr.,  addressed 
to  me  at  Toulouse  in  commencing  my  examination  for  admission. 
Something  analogous  occurred  at  the  opening  of  my  examination 
in  mathematics  for  passing  from  one  division  of  the  school  to  another. 
The  examiner,  this  time,  was  the  illustrious  geometer  .Legeudre,  of 
whom,  a  few  years  after,  I  had  the  honor  of  becoming  the  colleague  and 
the  friend. 

I  entered  his  study  at  the  moment  when  M.  T ,  who  was  to  undergo 

his  examination  before  me,  having  fainted  away,  was  being  carried  out 
in  the  arms  of  two  servants.  I  thought  that  this  circumstance  would 
have  moved  and  softened  M.  Legendre;  but  it  had  no  such  effect. 
"What  is  your  name,"  he  said  to  me  sharply.  "Arago,"  I  answered. 
"You  are  not  French,  then!"  "If  I  was  not  French  I  should  not  be 
before  you ;  for  I  have  never  heard  of  any  one  being  admitted  into  the 
school  unless  his  nationality  had  been  proved."  "I  maintain  that  he  is 
not  French  whose  name  is  Arago."  '*  I  maintain,  on  my  side,  that  I  am 
French,  and  a  very  good  Frenchman,  too,  however  strange  my  name 
may  appear  to  you."  "  Very  well;  we  will  not  discuss  the  point  farther; 
go  to  the  board." 

I  had  scarcely  taken  up  the  chalk,  when  M.  Legendre,  returning  to 
the  first  subject  of  his  preoccupations,  said  to  me :  "  You  were  born  in 
one  of  the  departments  recently  united  to  France?"  "No,  sir;  I  was 
born  in  the  department  of  the  Eastern  Pyrenees,  at  the  foot  of  the 
Pyrenees."  "Oh!  why  did  you  not  tell  me  that  at  once!  All  is  now 
explained.    You  are  of  Spanish  origin  are  you  not!"    "Possibly;  but 
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in  my  humble  family  there  are  no  aathentie  documents  preserved  which 
could  enable  me  to  trace  back  the  civil  position  of  my  ancestors.  Each 
one  there  is  the  child  of  his  own  deeds.  I  declare  to  you  again  that  I 
am  French,  and  that  ought  to  be  sufficient  for  you.'^ 

The  vivacity  of  this  last  answer  had  not  disposed  M.  Legendre  in  my 
favor.  I  saw  this  very  soon ;  for,  having  put  a  question  to  me  whidi 
required  the  use  of  double  integrals,  he  stopped  me,  saying:  "The 
method  which  you  are  following  was  not  given  to  you  by  the  professor. 
Whence  did  you  get  it?"  "From  one  of  your  papers.^  "Why  did 
j'ou  choose  it!  Was  it  to  bribe  met"  "No;  nothing  was  farther  from 
my  thoughts.  I  only  adopted  it  because  it  appeared  to  me  preferable." 
"  If  you  are  unable  to  explain  to  me  the  reasons  for  your  preference, 
I  declare  to  you  that  you  shall  receive  a  bad  mark,  at  least  as  to 
character." 

I  then  entered  upon  the  details  which  established,  as  I  thought,  that 
the  method  of  double  integrals  wa«  in  all  points  more  clear  and  more 
rational  than  that  which  Lacroix  had  expounded  to  us  in  the  amphi- 
theater. From  this  moment  Legendre  appeared  to  me  to  be  satisfied, 
and  to  relent. 

Afterward,  he  asked  me  to  determine  the  center  of  gravity'. of  a  spher- 
ical sector.  "The  question  is  easy,"  I  said  to  him.  "Very  well;  since 
you  find  it  easy,  I  will  complicate  it;  instead  of  supposing  the  density 
constant,  I  will  suppose  that  it  varies  from  the  center  to  the  surface 
according  to  a  determined  function."  I  got  through  this  calculation 
very  happily ;  and  from  this  moment  I  had  entirely  gained  the  favor  of 
the  examiner.  Indeed,  on  my  retiring,  he  addressed  to  me  these  words, 
which,  coming  from  him,  appeared  to  my  comrades  as  a  very  favorable 
augury  for  my  chance  of  promotion :  "  I  see  that  you  have  employed  your 
time  well;  go  on  in  the  same  way  the  second  year,  and  we  shall  part 
very  good  friends." 

In  the  mode  of  examination  adopted  at  the  Polytechnic  School  in  18(y4, 
which  is  always  cited  as  being  better  than  the  present  organization,  room 
was  allowed  for  thei?xercise  of  some  unjustifiable  caprices.  Would  it 
be  believed,  for  example,  that  the  old  M.  Barruel  examined  two  pupils 
at  a  time  in  physics,  and  gave  them,  it  is  said,  the  same  mark,  which 
was  the  mean  between  the  actual  merits  of  the  two  ?  For  my  part,  I 
was  associated  with  a  comrade  full  of  intelligence,  but  who  had  not 
studied  this  branch  of  the  course.  We  agreed  that  he  should  leave  the 
answering  to  me,  and  we  found  the  arrangement  advantiigeoos  to  both. 

As  I  have  been  led  to  speak  of  the  school  as  it  was  in  1804, 1  will  say 
that  its  faults  were  less  those  of  organization  than  those  of  personal 
management;  for  many  of  the  professors  were  much  below  their  office^ 
a  fact  which  gave  rise  to  somewhat  ridiculous  scenes.  The  pupils,  for 
instance,  having  observed  the  insufficiency  of  M.  Hassenfratz,  made  a 
demonstration  of  the  dimensions  of  the  rainbow,  full  of  errors  of  calcu- 
lation, but  in  which  the  one  compensated  the  other  so  that  the  final 
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result  was  trne.  The  professor,  who  had  only  this  result  whereby  to 
judge  of  the  goodness  of  the  answer,  when  he  saw  it  appear  on  the  board, 
lid  not  hesitate  to  call  out,  *'Good,  good,  perfectly  good!"  which  excited 
shouts  of  laughter  on  all  the  benches  of  the  amphitheater. 

When  a  professor  has  lost  consideration,  without  which  it  is  impossible 
for  bim  to  do  well,  they  allow  themselves  to  insult  him  to  an  incredible 
extent.     Of  this  I  will  cite  a  single  specimen. 

A  pnpil,  M.  Leboullenger,  met  one  evening  in  company  this  same  M 
Sassenfratz,  and  had  a  discussion  with  him.  When  he  reentered  the 
school  in  the  morning,  he  mentioned  this  circumstance  to  us.  "  Be  on 
jTOur  guard,"  said  one  of  our  comrades  to  him  5  "  you  will  be  interrogated 
this  evening.  Play  with  caution,  for  the  professor  has  certainly  pre- 
pared some  great  difficulties  so  as  to  cause  laughter  at  your  expense." 
Our  anticipations  were  not  mistaken.  Scarcely  had  the  pupils  arrived 
in  the  amphitheater,  when  M.  Hassenfratz  called  to  M.  Leboullenger, 
who  came  to  the  board. 

**M.  Leboullenger,"  said  the  professor  to  him,  "you  have  seen  the 
moont"  "No.  sir."  "How,  sir  I  you  say  that  you  have  never  seen  the 
moout"  "I  can  only  repeat  my  answer — no,  sir."  Beside  himself,  and 
seeing  his -prey  escape  him,  by  means  of  this  unexpected  answer,  M. 
Hassenfratz  addressed  himself  to  the  inspector  charged  with  the  observ- 
ance of  order  that  day,  and  said  to  him,  "  Sir,  there  is  M.  Leboullenger, 
who  pretends  never  to  have  seen  the  moon."  "What  would  you  wish 
me  to  dot"  stoically  replied  M.  Le  Brun.  Repulsed  on  this  side,  the  pro- 
fessor turned  once  more  toward  M.  Leboullenger,  who  remained  calm 
and  earnest  in  the  midst  of  the  unspeakable  amusement  of  the  whole 
amphitheater,  and  cried  out  with  undisguised  anger,  "You  persist  in 
maintaining  that  you  have  never  seen  the  moon!"  "Sir,"  returned  the 
pupil, "  I  should  deceive  you  if  I  told  you  that  I  had  not  heard  it  spoken 
of,  but  I  have  never  seen  it."    "Sir,  return  to  your  place." 

After  this  scene,  M.  Hassenfratz  was  but  a  professor  in  name ;  his 
teaching  could  not  longer  be  of  any  use. 

At  the  commencement  of  the  second  year  I  was  appointed  "c^^  de 
hHgadeJ'  Hatchette  had  been  professor  of  hydrography  at  Collioure ; 
his  friends  from  Boussillou  recommended  me  to  him.  He  received  me 
with  great  kindness,  and  even  gave  me  a  room  in  his  lodgings.  It  was 
there  that  I  had  the  pleasure  of  making  Poisson's  acquaintance,  who 
hved  next  to  us.  Every  evening  the  great  geometer  entered  my  room, 
and  we  passed  entire  hours  in  conversing  on  politics  and  mathematics, 
which  is  certainly  not  quite  the  same  thing. 

In  the  course  of  1804  the  school  was  a  prey  to  political  passions,  and 
that  through  the  fault  of  the  government. 

They  wished  forthwith  to  oblige  the  pupils  to  sign  an  address  of  con- 
gratulation on  the  discovery  of  the  conspiracy  in  which  Moreau  was 
implicated.  They  refused  to  do  so  on  the  ground  that  it  was  not  for 
them  to  pronounce  on  a  cause  which  had  been  in  the  hands  <^f  jiittice. 
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It  must,  however,  be  remarked,  that  Moreau  had  not  yet  disbonoRd 
himself  by  taking  service  in  the  Bnssian  army,  which  had  come  to  attack 
the  French  under  the  walls  of  Dresden. 

The  pupils  were  invited  to  make  a  manifestation  in  favor  of  the  insti- 
tution of  the  Legion  of  Honor.  This  again  they  refused.  They  knew 
well  that  the  cross,  given  without  inquiry  and  without  control,  would 
be,  in  most  cases,  tbe  recompense  of  charlatanism,  and  not  of  trne 
merit. 

The  transformation  of  the  consular  into  the  imperial  government  gave 
rise  to  very  animated  discussions  in  the  interior  of  the  school. 

Many  pupils  refused  to  add  their  felicitations  to  the  mean  adulations 
of  the  constituted  bodies. 

General  Lacu^e,  who  was  appointed  governor  of  the  school,  reported 
this  opposition  to  the  Emperor. 

"  M.  Lacu^e,"  cried  Napoleon,  in  the  midst  of  a  group  of  courtiers, 
who  applauded  with  speech  and  gesture,  "you  cannot  retain  at  the 
school  those  pupils  who  have  shown  such  ardent  republicanism;  yoa 
will  seud  them  away.*'  Then,  collecting  himself,  he  added,  "  I  will  first 
know  their  names  and  their  stages  of  promotion."  Seeing  the  list  the 
next  day,  he  did  not  proceed  further  than  the  first  name,  which  was  the 
first  in  the  artillery.  "  I  will  not  drive  away  the  first  men  in  advuioe- 
ment,"  said  he.  "Ah !  if  they  had  been  at  the  bottom  of  tbe  list!  M. 
Lacu^e,  leave  them  alone." 

Nothing  was  more  curious  than  the  stance  to  which  Greneral  Laen^ 
came  to  receive  the  oath  of  obedience  from  the  pupils.  In  tbe  va«t 
amphitheater  which  contained  them,  one  could  not  discern  a  trace  of 
the  gravity  which  such  a  ceremony  should  inspire.  The  greater  part, 
instead  of  answering,  at  the  call  of  their  names,  "  I  swear  it,"  cried  out^ 
"  Present." 

All  at  once,  the  monotony  of  this  scene  was  interrupted  by  a  pupil, 
son  of  the  Conventionalist  Brissot,  who  called  out  in  a  stentorian  voice, 
"  I  will  not  take  the  oath  of  obedience  to  the  Emperor."  Lacu^  pale, 
and  with  little  presence  of  mind,  ordei^ed  a  detachment  of  armed  pupils 
placed  behind  him  to  go  and  arrest  tbe  recusant.  The  detachment,  of 
which  I  was  at  the  head,  refused  to  obey.  Brissot,  addressing  himself 
to  the  General,  with  the  great-est  calmness  said  to  him,  "  Point  out 
the  place  to  which  you  wish  me  to  go ;  do  not  force  the  pupils  to  dis- 
honor themselves  by  laying  hands  on  a  comrade  who  has  no  desire  to 
resist." 

Tbe  next  morning  Brissot  was  expelled. 

About  this  time,  M.  M^cbain,  who  had  been  sent  to  Spain  to  prolong 
the  meridional  line  as  far  as  Formentera,  died  at  Castellon  de  la  Plana. 
His  son,  secretary  at  the  observatory,  immediately  gave  in  his  resigna- 
tion. Poisson  offered  me  tbe  situation.  I  declined  his  first  proposal. 
I  did  not  wish  to  renounce  tbe  militarj^  career,  tbe  object  of  all  my  pre- 
dilections, and  in  which,  morevet^  1  n^qi^^  ^;g^\SLX^  <5^  tbL<^  i^rotection  of 
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Ifcirshal  Lannos,  a  friend  of  my  father's.  IS'evertheless  I  accepted,  on 
trial,  the  position  offered  me  in  the  observatory,  after  a  visit  which  I 
made  to  M.  de  Laplace  in  company  with  M.  Poisson,  under  the  express 
coDilition  that  I  could  reenter  the  artillery  if  that  should  suit  me.  It 
was  from  this  cause  that  my  name  remained  inscribed  on  the  list  of  the 
pupils  of  the  school.  I  was  only  detached  to  the  observatory  on  a 
special  service. 

I  entered  this  establishment,  then,  on  the  nomination  of  Poisson,  uiy 
friend,  and  through  the  intervention  of  Laplace.  The  latter  loaded  me 
with  civilities.  I  was  happy  and  proud  when  I  dined  in  the  Eue  de 
Toarnon  with  the  great  geometer.  My  mind  and  my  heart  were  much 
disi>osed  to  admire  all,  to  respect  all,  that  was  connected  with  him  who 
had  discovered  the  cause  of  the  secular  equation  of  the  moon,  had  found 
in  the  movement  of  this  planet  the  means  of  calculating  the  ellipticity 
of  the  earth,  had  traced  to  the  laws  of  attraction  the  long  inequalities 
of  Jupiter  and  of  Saturn,  &c.,  &c.  But  what  was  my  disenchantment 
when  one  day  I  heard  Madame  de  Laplace,  approaching  her  husband, 
say  to  him,  **  Will  you  intrust  to  me  the  key  of  the  sugar." 

Some  days  afterward,  a  second  incident  affected  me  still  more  vividly. 
M.  de  Laplace's  son  was  preparing  for  the  examinations  of  the  Poly- 
technic School.    He  came  sometimes  to  see  me  at  the  observatory.    In 
one  of  his  visits  I  explained  to  him  the  method  of  continued  fractions, 
by  help  of  which  Lagrange  obtains  the  roots  of  numerical  equations. 
The  young  man  spoke  of  it  to  his  father  with  admiration.    I  shall  never 
forget  the  rage  which  followed  the  words  of  Emile  de  Laplace,  and  the 
severity  of  the  reproaches  which  were  addressed  to  me,  for  having  pat- 
ronized a  mode  of  proceeding  which  may  be  very  long  in  theory,  but 
which  evidently  can  in  no  way  bo  found  fault  with  on  the  score  of  its 
elegance  and  precision.    Never  had  a  jealous  prejudice  shown  itself 
more  openly,  or  under  a  more  bitter  form.    '*Ah  I*^  said  I  to  myself, 
"  how  true  was  the  inspiration  of  the  ancients  when  they  attributed 
weaknesses  to  him  who  nevertheless  made  Olympus  tremble  by  a  frown.'^ 

Here  I  should  mention,  in  order  of  time,  a  circumstance  which  might 
have  produced  the  most  fatal  consequences  for  me.    The  fact  was  this : 

I  have  described  above,  the  scene  which  caused  the  expulsion  of 
Brissot's  son  from  the  Polytechnic  School.  I  had  entirely  lost  sight  of 
him  for  several  months,  when  he  came  to  pay  me  a  visit  at  the  obser 
vatory,  and  placed  me  in  the  most  delicate,  the  most  terrible  position- 
that  an  honest  man  ever  found  himself  in. 

"I  have  not  seen  you,"  ho  said  to  me,  "because  since  leaving  the 
school  I  have  practiced  daily  firing  with  a  pistol;  I  have  now  acquired 
a  skill  beyond  the  common,  and  I  am  about  to  employ  it  in  ridding 
France  of  the  tyrant  who  has  confiscated  all  her  liberties.  My  measures 
are  taken ;  I  have  hired  a  small  room  on  the  Carrousel,  close  to  the 
place  by  which  Napoleon,  on  coming  out  from  the  court,  will  pass  to 


154  AUTOBIOGRAPHY   OF   FRANCIS   ARAGO. 

review  the  cavalry ;  from  tbe  hamble  window  of  my  apartment  will  {h 
ball  be  fired  which  will  go  through  his  head." 

1  leave  it  to  be  imagined  with  what  despair  I  received  this  confidence. 
I  made  every  imaginable  effort  to  deter  Bdssot  from  his  sinister  project: 
1  remarked  how  all  those  who  had  rushed  on  enterprises  of  this  nature  bad 
been  branded  in  history  by  the  odious  title  of  assassin.  Nothing  soc- 
ceeded  in  shaking  his  fatal  resolution ;  I  only  obtained  from  bim  a 
promise  on  his  honor  that  the  execution  of  it  should  be  postponed  for  a 
time,  and  I  put  myself  in  quest  of  means  for  rendering  it  abonive. 

The  idea  of  announcing  Brissot's  project  to  the  authorities  did  not 
even  enter  my  thoughts.  It  seemed  a  fatality  which  came  to  smite  me, 
and  of  which  I  must  undergo  the  consequences,  however  serious  tbey 
might  be. 

I  counted  much  on  the  solicitations  of  Brissot's  mother,  already  80 
cruelly  tried  during  the  revolution.  I  went  to  her  home,  in  the  Baede 
Condd,  and  implored  her  earnestly  to  cooperate  with  me  in  preventing 
her  son  from  carrying  out  his  sanguinary  resolution.  "Ah,  sir,"  replied 
this  lady,  who  was  naturally  a  model  of  gentleness,  "if  Silvain"  (this 
was  the  name  of  her  son)  "  believes  that  he  is  aecomplishing  a  patriotie 
duty,  I  have  neither  the  intention  nor  the  desire  to  turn  him  from  hiB 
project." 

It  was  from  myself  that  I  must  henceforth  draw  all  my  resources.  I 
had  remarked  that  Brissot  was  addicted  to  the  composition  of  romances 
and  pieces  of  (>oetry.  1  encouraged  this  passion,  and  every  Sunday, 
above  all,  when  I  knew  that  there  would  be  a  review,  I  went  to  fetch 
him,  and  drew  him  into  the  country,  in  the  environs  of  Paris.  I  listened 
then  complacently  to  the  reading  of  those  chapters  of  his  romance 
which  he  had  composed  during  the  week. 

The  first  excursions  frightened  me  a  little,  for,  armed  with  his  pistols, 
Brissot  seized  every  occasion  of  showing  his  great  skill;  and  I  reflected 
that  this  circumstance  would  lead  to  my  being  considered  as  his  accom- 
plice, if  he  ever  carried  out  his  project.  At  last,  his  pretensions  to 
literary  fame,  which  I  flattered  to  the  utmost,  the  ho))es  (though  I  bad 
none  myself)  which  I  led  him  to  conceive  of  the  success  of  an  attach- 
ment of  which  he  had  confided  the  secret  to  me,  made  him  receive  with 
attention  the  reflections  which  I  constantly  made  to  him  on  his  enter- 
prise. He  determined  on  making  a  journey  beyond  the  seas,  and  Urns 
relieved  me  from  the  most  serious  anxiety  which  I  have  experienced  in 
all  my  life. 

Brissot  died  after  having  covered  the  walls  of  Paris  with  printed 
handbills  in  favor  of  the  Bourbon  restoration. 

I  had  scarcely  entered  the  observatory,  when  I  became  the  fellow- 
laborer  of  Biot  in  researches  on  the  refraction  of  gases,  already  com- 
menced by  Borda. 

While  engaged  in  this  work  the  celebrated  academician  and  I  often 
conversed  on  the  interest  there  would  be  in  resuming  in  Spain  the 
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measurement  interrupted  by  the  death  of  M^chain.  We  submitted  our 
project  to  Laplace,  who  received  it  with  ardor,  procured  the  necessary 
lands,  and  the  government  confided  to  us  two  this  important  mission. 

M.  Biot,  I,  and  the  Spanish  commissary  Rodriguez  departed  from 
Paris  in  the  commencement  of  1806.  We  visited,  on  our  way,  the 
stations  indicated  by  M^chain,  we  made  some  important  modifications 
in  the  projected  triangulation,  and  at  once  commenced  operations. 

An  inaccurate  direction  given  to  the  reflectors  established  at  Iviza, 
on  the  mountain  Campvey,  rendered  the  observations  made  on  the  con- 
tinent extremely  diflBcult.  The  light  of  the  signal  of  Campvey  was 
very  rarely  seen,  and  I  was,  during  six  months,  in  the  Desierto  de  las 
Palmas^  without  being  able  to  see  it,  while  at  a  later  period  the  light 
established  at  the  Desierto,  but  well  directed,  was  seen  every  evening  from 
Campvey.  It  will  easily  be  imagined  what  must  bo  the  ennui  experienced 
by  a  young  and  active  astronomer,  confined  to  an  elevated  peak,  having 
for  his  walk  only  a  space  of  twenty  square  meters,  and  for  diversion 
only  the  conversation  of  two  Carthusians,  whose  convent  was  situated 
at  the  foot  of  the  mountain,  and  who  came  in  secret,  inMnging  the  rule 
of  their  order. 

At  the  time  when  I  write  these  lines,  old  and  infirm,  my  legs  scarcely 
able  to  sustain  me,  my  thoughts  revert  involuntarily  to  that  epoch  of 
my  life  when,  young  and  vigomus,  I  bore  the  greatest  fatigues,  and 
walked  day  and  night,  in  the  mountainous  countries  which  separate  the 
kingdoms  of  Valencia  and  Catalonia  from  the  kingdom  of  Aragon,  iu 
order  to  reestablish  our  geodesic  signals  which  the  storms  had  overset. 
I  was  at  Valencia  toward  the  middle  of  October,  1806.  One  morning 
early  the  French  consul  entered  my  room  quite  alarmed :  "  Here  is  sad 
news,"  said  M.  Lanusseto  me;  ^^make  preparations  for  your  departure; 
the  whole  town  is  in  agitation ;  a  declaration  of  war  against  France 
has  just  been  published;  it  appears  that  we  have  experienced  a  great 
disaster  in  Prussia.  The  Queen,  we  are  assured,  has  put  herself  at  the 
head  of  the  cavalry  and  of  the  royal  guard ;  a  part  of  the  French  army 
has  been  cut  to  pieces ;  the  rest  is  completely  routed.  Our  li jes  would 
not  be  in  safety  if  we  remained  here ;  the  French  ambassador  at  Mad- 
rid will  inform  me  as  soon  as  an  American  vessel  now  at  anchor  in  the 
^6rao'  of  Valencia  can  take  us  on  board,  and  I  will  let  you  know  as 
soon  as  the  moment  is  come."  This  moment  never  came;  for  a  few 
days  afterward  the  false  news,  which  one  must  suppose  had  dictated 
Uie  prochimation  of  the  Prince  of  the  Peace,  was  replaced  by  the  bul- 
letin of  the  battle  of  J^na.  People  who  at  first  played  the  braggart 
and  threatened  to  root  us  out  suddenly  became  disgracefully  cast  down; 
we  could  walk  in  the  town,  holding  up  our  heads,  without  fear  hence- 
forth of  being  insulted. 

This  proclamation,  in  which  they  spoke  of  the  critical  circumstances 
in  which  the  Spanish  nation  was  placed ;  of  the  difficulties  which  encom- 
passed this  people;  of  the  safety  of  their  native  country*^  of  l9Mt^\&^ 
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and  of  the  god  of  victory ;  of  enemies  with  whom  they  ought  to  fight- 
did  not  contain  the  name  of  France.  They  availed  themselves  of  this 
omission  (will  it  be  believed?)  to  maintain  that  it  was  directed  agsdnst 
Portugal. 

Napoleon  pretended  to  believe  in  this  absurd  interpretation ;  but  from 
this  moment  it  became  evident  that  Spain  would  sooner  or  later  be 
obliged  to  render  a  strict  account  of  the  warlike  intentions  which  she 
had  suddenly  evinced  in  180G;  this,  without  justifying  the  events  of 
Bayonne,  explains  them  in  a  verj'^  natural  way. 

I  was  expecting  M.  Biot  at  Valencia,  he  having  undertaken  to  briog 
some  new  instruments  with  which  we  wei'e  to  measure  the  latitude  of 
Formentera.  I  shall  take  advantage  of  these  short  intervals  of  repoM 
to  insert  here  some  details  of  manners,  which  may,  perhaps,  be  read 
with  interest. 

I  will  recount,  in  the  first  instance,  an  adventure  which  nearly  cost  me 
my  life  under  somewhat  singular  circumstances : 

One  day,  as  a  recreation,  I  thought  I  could  go,  with  a  fellow-coantiy- 
man,  to  the  fair  at  Murviedro,  the  ancient  Saguntum,  which  they  told 
me  was  very  curious.    I  met  in  the  town  the  daughter  of  a  FrenchmaQ 

resident  at  Valencia,  Mdlle.   B .     All  the    hotels  were  crowded; 

Mdlle.  B invited  us  to  take  some  refreshments  at  her  grand- 
mother's; we  accepted;  but  on  leaving  the  house  she  informed  us  that 
our  visit  had  not  been  to  the  tast«  of  her  betrothed,  and  that  we  most 
be  prepared  for  some  sort  of  attack  on  his  part ;  we  went  directly  to  an 
armorer's,  bought  some  pistols,  and  commenced  our  return  to  Valencia. 

On  our  way  I  said  to  the  calezero,  (driver,)  a  man  whom  I  had  em- 
ployed for  a  long  time,  and  who  was  much  devoted  to  me: 

"Isidro,  I  have  some  reason  to  believe  that  we  shall  be  stopped;  I 
warn  you  of  it,  so  that  you  may  not  be  surprised  at  the  shots  which 
will  be  fired  from  the  caleza,"  (vehicle.) 

Isidro,  seated  on  the  shaft,  according  to  the  custom  of  the  country, 
answered: 

" Your^pistols  are  completely  useless,  gentlemen;  leave  me  to  act; 
one  cry  will  be  enough ;  my  mule  will  rid  us  of  two,  three,  or  even  four 
men." 

Scarcely  one  minute  had  elapsed  after  the  calezero  had  uttered  tbeae 
words,  when  two  men  presented  themselves  before  the  mule  and  seised 
her  by  the  nostrils.  At  the  same  instant  a  formidable  cry,  which  will 
never  be  effaced  from  my  remembrance — the  cry  of  Capitana! — was 
uttered  by  Isidro.  The  mule  reared  up  almost  vertically,  raising  up 
one  of  the  men,  came  down  again,  and  set  off  at  a  rapid  gallop.  The 
jolt  which  the  carriage  made  led  us  to  understand  too  well  what  had 
just  occurred.  A  long  silence  succeeded  this  incident;  it  was  only 
interrupted  by  these  words  of  the  calezero,  "  Do  you  not  think,  gentle- 
men, that  my  mule  is  worth  more  than  any  pistols f 

The  next  day  the  Captain  Oeneral,  Don  Domingo  Izquierdo,  related 
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JO  me  that  a  man  had  been  found  crushed  on  the  road  to  Murviedro. 
[  gave  him  an  account  of  the  prowess  of  Isidro's  mule,  and  no  more 
^as  said. 

One  anecdote,  taken  from  among  a  thousand,  will  show  what  an 
idventnrous  life  was  led  by  the  delegate  of  the  Bureau  of  Longitude. 

During  ray  stay  on  a  mountain  near  Cullera,  to  the  north  of  the 
aouth  of  the  river  Xucar,  and  to  the  south  of  the  Albuf^ra,  I  once  con- 
eived  the  project  of  establishing  a  station  on  the  high  mountains 
rhich  are  in  front  of  it.  I  went  to  see  them.  The  alcaid  of  one  of  the 
leighboring  villages  warned  me  of  the  danger  to  which  I  was  about  to 
ixpose  myselt  "These  mountains,"  said  he  to  me,  "form  the  resort  of 
k  band  of  highway  robbers."  I  asked  for  the  national  guard,  as  I  had 
lie  power  to  do  so.  My  escort  was  supposed  by  the  robbers  to  be  an 
expedition  directed  against  them,  and  they  dispersed  themselves  at 
>nce  over  the  rich  plain  which  is  watered  by  the  Xucar.  On  my  return 
[  found  them  engaged  in  combat  with  the  authorities  of  CuUera. 
Wounds  had  been  given  on  both  sides,  and,  if  I  recollect  right,  one 
alguazil  was  left  dead  on  the  plain. 

The  next  morning  I  regained  my  station.  The  following  night  was  a 
horrible  one;  the  rain  fell  in  a  deluge.  Toward  night  there  was  knock- 
ing at  my  cabin  door.  To  the  question  "Who  is  there?"  the  answer 
was,  "A  custom-house  guard,  who  asks  of  you  a  shelter  for  some  hours." 
My  servant  having  opened  the  door  to  him,  I  saw  a  magnificent  man 
enter,  armed  to  the  teeth.  He  laid  himself  down  on  the  earth,  and  went 
to  sleep.  In  the  morning,  as  I  was  chatting  with  him  at  the  door  of  ray 
cabin,  his  eyes  flashed  on  seeing  two  persons  on  the  slope  of  the  mountain, 
the  alcaid  of  Cullera  and  his  principal  alguazil,  who  w^re  coming  to  pay 
me  a  visit.  "Sir,"  cried  he,  "nothing  less  than  the  gratitude  which  I 
owe  to  you,  on  account  of  the  service  which  you  have  rendered  to  me 
this  night,  could  prevent  my  seizing  this  occasion  for  ridding  myself, 
by  one  shot  of  this  carabine,  of  my  most  cruel  enemy.  Adieu,  sir!" 
And  he  departed,  springing  from  rock  to  rock  as  light  as  a  gazelle. 

On  reaching  the  cabin,  the  alcaid  and  his  alguazil  recognized  in  the 
fugitive  the  chief  of  all  the  brigands  in  the  country. 

Some  days  afterward,  the  weather  having  again  become  very  bad, 
I  received  a  second  visit  from  the  pretended  custom-house  guard,  who 
went  soundly  to  sleep  in  my  cabin.  I  saw  that  my  servant,  an  old  sol- 
dier, who  had  heard  the  recital  of  the  deeds  and  behavior  of  this  man, 
was  preparing  to  kill  him.  I  jumped  down  from  my  camp  bed,  and, 
seizing  my  servant  by  the  throat,  "Ai'e  you  mad  I"  said  I  to  him;  "  are 
we  to  discharge  the  duties  of  police  in  this  country!  Do  you  not  see, 
moreover,  that  this  would  expose  us  to  the  resentment  of  all  those  who 
obey  the  orders  of  this  redoubted  chief  f  and  we  should  thus  render  it 
impossible  for  us  to  terminate  our  operations." 

Next  morning,  when  the  sun  rose,  I  had  a  conversation  with  my  guest, 
which  I  will  try  to  reproduce  faithfully. 
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"Your  situation  is  perfectly  known  to  me;  I  know  that  yoaaieDot 
a  custom-house  guard ;  I  have  learaed  from  certain  information  that  yon 
are  the  chief  of  the  robbers  of  the  country.  Tell  me  whether  1  have  any- 
thing to  fear  from  your  confederates." 

"The  idea  of  robbing  you  did  occur  to  us,  but  we  concluded  that  all 
your  funds  would  be  in  the  neighboring  towns;  that  you  would  carry 
no  money  to  the  summit  of  mountains,  where  you  would  not  know  whal 
to  do  with  it,  and  that  our  expedition  against  you  could  have  no  fmitfal 
result.  Moreover,  we  cannot  pretend  to  be  as  strong  as  the  King  of 
Spain.  The  King's  troops  leave  us  quietly  enough  to  exercise  our  in- 
dustry, but  on  the  day  that  we  molested  an  envoy  from  the  Emperor  of 
the  French,  they  would  direct  against  us  several  regiments,  and  we 
should  soon  have  to  succumb.  Allow  me  to  add,  that  the  gratitade 
which  I  owe  to  you  is  your  surest  guarantee.^ 

"Very  well,  I  will  trust  in  your  words;  I  shall  regulate  my  condoct 
by  your  answer.  Tell  me  if  I  can  travel  at  night ;  it  is  fatiguing  to  me 
to  move  from  one  station  to  another  in  the  day  under  the  buroiog 
influence  of  the  sun.'' 

"You  can  do  so,  sir;  I  have  already  given  my  orders  to  this  purpose; 
they  will  not  be  infringed." 

Some  days  afterward  I  left  for  Denia;  it  was  midnight,  when  some 
horsemen  rode  up  to  me,  and  addressed  these  words  to  me: 

"Stop  there,  seiior;  times  are  hard;  those  who  have  something  lUBSt 
aid  those  who  have  nothing.  Give  us  the  keys  of  your  trunks;  we  wiD 
only  take  your  superfluities." 

I  had  already  obeyed  their  orders,  when  it  came  into  my  head  to  call 
out,  "  But  I  have  been  told  that  I  could  travel  without  risk." 

"What  is  your  name,  sir!" 

"  Don  Francisco  Arago." 

"  Hombre  J  vaya  usted  con  DioSj^  (Grod  be  with  yon.) 

And  our  cavaliers,  spurring  away  from  us,  rapidly  lost  themselves  in  a 
field  of  "  algaiTobas." 

When  my  friend  the  robber  of  GuUera  assured  me  that  I  bad  nothing  to 
fear  from  his  subordinates,  he  informed  me  at  the  same  time  that  bit 
authority  did  not  extend  north  of  Valencia.  The  banditti  of  the  north- 
ern part  of  the  kingdom  obeyed  other  chiefs,  one  of  whom,  after  having 
been  taken,  was  condemned  and  hung,  and  his  body  divided  into  four 
quarters,  which  were  fastened  to  posts  on  four  royal  roads,  but  not  with- 
out their  having  previously  been  boiled  in  oil,  to  make  sure  of  their 
longer  preservation. 

This  barbarous  custom  produced  no  effect,  for  scarcely  was  one  chirf 
destroyed  before  another  presented  himself  to  replace  him. 

Of  all  these  brigands  those  had  the  worst  reputation  who  carried  on 
their  depredations  in  the  environs  of  Oropeza.  The  proprietors  of  the 
three  mules  on  which  M.  Rodriguez,  I,  and  my  servant  were  riding  one 
evening  in  this  neighborhood  were  recounting  to  as  the  "  grand  deeds' 
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of  these  robbers,  which,  even  in  full  daylight,  would  have  made  the  hair 
of  one's  head  stand  on  end,  when,  by  the  faint  light  of  the  moon,  we 
perceived  a  man  hiding  himself  behind  a  tree.    We  were  six,  and  yet 
this  sentry  on  horseback  had  the  audacity  to  demand  our  purses  or  our 
lives.     My  servant  at  once  answered  him,  "  You  must  then  believ^e  us  to 
be  very  cowardly ;  take  yourself  off,  or  I  will  bring  you  down  by  one 
shot  of  my  carabine.'^    *'  I  will  be  off,^  returned  the  worthless  fellow, 
<*  but  you  will  soon  hear  news  of  me.''    Still  full  of  fright  at  the  remem- 
brance of  the  stories  which  they  had  just  been  relating,  the  three  "  arie- 
ros"  besought  us  to  quit  the  high  road  and  cast  ourselves  into  a  wood 
which  was  on  our  left.    We  yielded  to  their  proposal,  but  we  lost  our 
way,     "  Dismount,"  said  they,  "  the  mules  have  been  obeying  the  bridle, 
and  yon  have  directed  them  wrongly.    Let  us  retrace  our  way  as  far  as 
the  high  road  and  leave  the  mules  to  themselves ;  they  will  well  know 
how  to  find  their  right  way  again."    Scarcely  had  we  effected  this  ma- 
neuver, which  succeeded  marvellously  well,  when  we  heard  a  lively  dis- 
cussion taking  place  at  a  short  distance  from  us.    Some  were  saying, 
**  We  must  follow  the  high  road,  and  we  shall  meet  with  them."    Others 
maintained  that  they  must  get  into  the  wood  on  the  left.    The  barking 
of  the  dogs,  by  which  these  individuals  were  accompanied,  added  to  the 
tumult.    During  this  time  we  pursued  our  way  silently,  more  dead  than 
alive.    It  was  two  o'clock  in  the  morning.    All  at  once  we  saw  a  faint 
light  in  a  solitary  house ;  it  was  like  a  li^t-house  for  the  mariner  in  the 
midst  of  the  tempest,  and  the  only  means  of  safety  which  remained  to 
us.    Arrived  at  the  door  of  the  farm,  we  knocked  and  asked  for  hospi- 
tality.   The  inmates,  very  little  reassured,  feared  that  we  were  thieves, 
and  did  not  hurry  themselves  to  oi>en  to  us. 

Impatient  at  the  delay,  I  cried  out,  as  I  had  received  authority  to  do 
so,  "  In  the  name  of  the  King,  open  to  us."  They  obeyed  an  order  thus 
given;  we  entered  pell-mell,  and  in  the  greatest  haste,  men  and  mules 
into  the  kitchen,  which  was  on  the  ground  floor ;  and  we  hurried  to  ex- 
tinguish the  lights,  in  order  not  to  awaken  the  suspicions  of  the  bandits 
who  were  seeking  for  us.  Indeed,  we  heard  them,  passing  and  repassing 
near  the  house,  vociferating  with  the  whole  force  of  their  lungs  against 
their  unlucky  fate.  We  did  not  quit  this  solitary  house  until  broad 
day,  and  we  continued  our  route  for  Tortosa,  not  without  having  given 
a  suitable  recompense  to  our  hosts.  I  wished  to  know  by  what  provi- 
dential circumstance  they  happened  to  have  a  lamp  burning  at  that 
unseasonable  hour.  ^'  We  had  killed  a  pig,"  they  told  me,  ^^  in  the  course 
of  the  day,  and  we  were  busy  preparing  the  black  puddings."  Had  the 
pig  lived  one  day  more,  or  had  there  been  no  black  puddings,  I  should 
certainly  have  been  no  longer  in  this  world,  and  I  should  not  have  the 
opportunity  to  relate  the  story  of  the  robbers  of  Oropeza. 

Never  could  I  better  appreciate  the  intelligent  measure  by  which  the 
constituent  assembly  abolished  t^e  ancient  division  af  France  into  prov- 
inces,  and  substituted  its  division  into  departments,  than  in  traversing 
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for  my  Iriangulation  the  Spanish  border  kingdoms  of  Catalonia,  Yakn- 
cia,  and  Aragon.    The  inhabitants  of  these  three  provinces  detested 
each  other  cordially,  and  nothing  less  than  the  bond  of  a  common  hatied 
was  necessary  to  make  them  act  simultaneously  against  France.    Such 
was  their  animosity  in  1807  that  I  could  scarcely  make  ose  at  the  same 
time  of  Catalonians,  Aragons,  and  Yalencians,  when  I  moved  with  my 
instruments  from  one  station  to  another.    The  Yalencians  in  particnUi 
were  treated  by  the  Catalonians  as  a  light,  trifling,  inconsistent  people. 
They  were  in  the  habit  of  saying  to  me,  "  J3n  el  reino  de  Valencia  la  cam 
es  verdura,  la  verdura  agua^  los  homhres  mvgerea^  las  mugeres  nada^  which 
may  be  translated  thus:  ^^  In  the  kingdom  of  Valencia  meat  is  a  vege- 
table, vegetables  are  water,  men  are  women,  and  women  nothing." 

On  the  other  hand,  the  Yalencians,  speaking  of  the  Aragons,  used  to 
call  them  "  schurosJ^ 

Having  asked  of  a  herdsman  of  this  province  who  had  brought  some 
goats  near  to  one  of  my  stations  what  was  the  origin  of  this  denomina- 
tion, at  which  his  compatriots  showed  themselves  so  offended: 

"I  do  not  know,"  said  he,  smiling  cunningly  at  me,  "whether  I  dare 
answer  you.''  "  Go  on,  go  on,''  I  said  to  him,  "  I  can  hear  anything 
without  being  angry."  "  Well,  the  word  schuros  means  that,  to  our  great 
shame,  we  have  sometimes  been  governed  by  French  kings.  The  sov- 
ereign, before  assuming  power,  was  bound  to  promise  under  oath  to 
respect  our  freedom,  and  to  articulate  in  a  loud  voice  the  solemn  words 
lo  Juro!  As  he  did  not  know  how  to  pronounce  the  J,  he  said  gekuro. 
Are  you  satisfied,  senor  I "  I  answered  him, "  Yes,  yes  j  I  see  that  vanity 
and  pride  are  not  dead  in  this  country." 

Since  I  have  just  spoken  of  a  shepherd,  I  will  say  that  in  Spain  the 
class  of  individuals  of  both  sexes  destined  to  look  after  herds  api)eared 
to  me  always  less  further  removed  than  in  France  from  the  pictures 
which  the  ancient  poets  have  left  us  of  the  shepherds  and  shepherdesses 
in  their  pastoral  poetry.  The  songs  by  which  they  endeavor  to  while 
away  the  tedium  of  their  monotonous  life  are  more  remarkablt?  in  their 
form  and  substance  than  in  the  other  European  nations  to  which  I  have 
had  access.  I  never  recollect  without  surprise  that,  being  on  a  mountain 
situated  at  the  junction-point  of  the  kingdoms  of  Yalencia,  Aragon,  and 
Catalonia,  I  was  all  at  once  overtaken  by  a  violent  storm,  which  forced 
me  to  take  refuge  in  my  tent,  and  to  remain  there  squatting  on  the 
ground.  When  the  storm  was  over  and  I  came  out  from  my  i-etreat^  I 
heard,  to  my  great  astonishment,  on  an  isolated  peak  which  looked  down 
upon  my  station,  a  shepherdess,  who  was  singing  a  song,  of  which  I  only 
recollect  these  eight  lines,  which  will  give  an  idea  of  the  rest : 


A  lo8  qae  amor  no  saben 
Ofreces  las  dulzuros 

Y  a  mi  las  amargiiras 
Que  s'e  lo  que  es  amar. 
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Las  gracias  al  me  certe 

£ran  cuadro  tic  flores 
Te  cantaban  amorese 

For  hacerto  callar. 

Oh  I  how  much  sap  there  is  in  this  Spanish  nation !  What  a  pity 
lat  they  will  not  make  it  yield  fruit  *? 

In  1807,  the  tribunal  of  the  Inquisition  existed  still  at  Valencia,  and 
t  tiroes  performed  its  functions.  The  reverend  fathers,  it  is  true,  did 
[)t  burn  people,  but  they  pronounced  sentences  in  which  the  ridiculous 
>ntencled  with  the  odious.  During  my  residence  in  this  town,  the 
oly  office  had  to  busy  itself  about  a  pretended  sorceress;  it  doomed 
er  to  go  through  all  quarters  of  the  town  astride  on  an  ass,  her  face 
irned  toward  the  tail,  and  naked  down  to  the  waist.  Merely  to  ob- 
erve  the  commonest  rules  of  decency,  the  poor  woman  had  been  plas- 
ered  with  a  sticky  substance,  partly  honey,  they  told  me,  to  which 
dhered  an  enormous  quantity' of  little  feathers,  so  that,  to  say  the 
ruth,  the  victim  resembled  a  fowl  with  a  human  head.  The  proces- 
ion,  whether  attended  by  a  crowd  I  leave  it  to  be  imagined,  sta- 
ioned  itself  for  some  time  in  the  cathedral  square,  where  I  lived.  I  wiw 
old  that  the  sorceress  was  struck  on  the  back  a  certain  number  of  blows 
.vith  a  shovel ;  but  1  do  not  venture  to  affirm  this,  for  I  was  absent  at 
:he  moment  when  this  hideous  procession  passed  before  my  windows. 

We  thus  see,  however,  what  sort  of  spectacles  were  given  to  the 
people  in  the  commencement  of  the  nineteenth  century,  in  one  of  the 
principal  towns  of  Spain,  the  seat  of  a  celebrated  university,  and  the 
native  co.untry  of  numerous  citizens  distinguished  by  their  knowledge, 
their  courage,  and  their  virtues.  Let  not  the  friends  of  humanity  and 
of  civilization  disunite;  let  them  form,  on  the  contrary,  an  indissoluble 
union,  for  superstition  is  always  on  the  watch,  and  waits  for  the 
moment  again  to  seize  its  prey. 

I  have  mentioned  in  the  course  of  my  narrative  that  two  Carthusians 
often  left  their  convent  in  the  Desierto  de  las  Palmas^  and  came  though 
prohibited,  to  see  me  at  my  station,  situated  about  two  hundred  meters 
liigher.  A  few  particulars  will  give  an  idea  of  what  certain  monks 
were,  in  the  Peninsula,  in  1807. 

One  of  them.  Father  Trivulce,  was  old ;  the  other  was  very  young. 
The  former,  of  French  origin,  had  i)layed  a  part  at  Marseilles,  in  the 
counter-revolutionary  events  of  which  this  town  was  the  theatei:,  at  the 
commencement  of  our  first  revolution.  His  part  had  been  a  very  active 
one;  one  might  see  the  proof  of  this  in  the  scars  of  saber  cuts* which 
furrowed  his  breast  It  was  he  who  was  the  first  to  come.  When  he 
saw  his  young  comrade  march  up,  he  hid  himself;  but  as  soon  as  the 
latter  had  fully  entered  into  conversation  with  me.  Father  Trivulce 
showed  himself  all  at  once.  His  appearance  had  the  effect  of  Medusa's 
head.  "  Reassure  yourself,"  said  he  to  his  young  compeer ;  "  only  let 
us  not  denounce  each  other,  for  our  prior  is  not  a  man  to  pardon  us  for 
lis 
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having  come  here  and  infringed  our  vow  of  silence,  and  we  should  both 
receive  a  punishment,  the  recollection  of  which  would  long  remain.^ 
The  treaty  was  at  once  concluded,  and  from  that  day  forward  the  two 
Carthusians  came  very  often  to  converse  with  me. 

The  youngest  of  our  two  visitors  was  an  Aragonian;  his  family  had 
made  him  a^  monk  against  his  will.  lie  related  to  me  one  day,  before  M. 
Biot,  (then  returned  from  Tarragon,  where  he  had  taken  refuge  to  get 
cured  of  his  fever,)  some  particulars  which,  according  to  him,  proved 
that  in  Spain  there  was  no  longer  more  than  the  ghost  of  religion. 
These  details  were  mostly  borrowed  from  the  secrets  of  confession.  M. 
Biot  manifested  sharply  the  displeasure  which  this  conversation  caused 
him ;  there  were  even  in  his  language  some  words  which  led  the  monk 
to  suppose  that  M.  Biot  took  him  for  a  kind  of  spy.  As  soon  as  this 
suspicion  had  entered  his  mind,  he  quitted  us  without  saying  a  word, 
and  the  next  morning  T  saw  him  come  up  earlj^,  armed  with  a  light  gun. 
The  French  monk  had  preceded  him,  and  had  whispered  in  my  ear  the 
danger  that  threatened  my  companion.  "Join  with  me,^  he  said,  "to 
turu  the  young  Aragonian  monk  from  his  murderous  project-''  I  need 
scarcely  say  that  1  em'i)loyed  myself  with  ardor  in  this  negotiation,  in 
which  I  had  the  happiness  to  succeed.  There  were  here,  as  must  be 
seen,  the  materials  for  a  chief  of  guerilleros.  I  should  be  much  aston- 
ished if  my  young  monk  did  not  play  his  part  in  the  war  of  indepen- 
dence. 

The  anecdote  which  I  am  about  to  relate  will  amply  prove  that  reli- 
gion was,  with  the  Carthusian  monks  of  the  Desierto  de  las  Falmas,  uot 
the  consequence  of  elevated  sentiments,  but  a  mere  compound  of  sui)er- 
stitious  practices. 

The  scene  with  the  gun,  always  present  to  my  mind,  seemed  to  make  it 
clear  to  me  that  the  Aragon  monk,  if  actuated  by  his  passions,  would 
be  capable  of  the  most  criminal  actions.  Hence,  1  had  a  very  disagree- 
able impression  when  one  Sunday,  having  come  down  to  hear  mass,  I 
met  this  monk,  who,  without  saying  a  word,  conducted  me  by  a  series 
of  dark  corridors  into  a  chapel  where  the  daylight  penetrated  only  by  a 
very  small  window.  There  I  found  Father  Trivulce,  who  prepared  him- 
self to  say  mass  for  me  alone.  The  young  monk  assisted.  All  at  once, 
an  instant  before  the  consecration.  Father  Trivulce,  turning  toward  me, 
said  these  exact  words :  "  We  have  permission  to  say  mass  with  white 
wine;  we  therefore  make  use  of  that  which  we  gather  from  our  own 
vines ;  .this  wine  is  very  good.  Ask  the  pi-ior  to  let  you  taste  it,  when 
on  leaving  this  you  go  to  breakfast  with  him.  For  the  rest,  yon  can  as- 
sure yourself  this  instant  of  the  truth  of  what  I  say  to  you."  And  he 
presented  me  the  goblet  to  drink  from.  I  resisted  strongly,  not  only 
because  I  considered  it  indecent  to  give  this  invitation  in  the  middle- 
of  the  mass,  but  because,  besides,  I  must  own  I  conceived  the  thought 
for  a  moment  that  the  monks  wished,  by  poisoning  me,  to  rcveng 
themselves  on  me  for  M.  Biot  having  insulted  them.    I  found  that  I  was 
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mistaken,  that  my  suspicions  had  no  foundatioc ;  for  Father  Trivulce 
Avent  ou  with  the  interrupted  mass,  drank,  and  drank  largely,  of  the 
white  wine  contained  in  one  of  the  goblets.  But  when  I  had  got  out  of 
the  hands  of  the  two  monks,  and  was  able  to  breathe  the  pure  air  of  the 
country,  I  experienced  a  lively  satisfaction. 

The  right  of  asylum  accorded  to  some  churches  wa«  one  of  the  most 
obnoxious  privileges  among  those  of  which  the  revolution  of  1798  rid 
France.  In  1807,  this  right  still  existed  in  Spain,  and  belonged,  I  be- 
lieve, to  all  the  cathedrals.  I  learned,  during  my  stay  at  Barcelona,  that 
there  was,  in  a  little  cloister  contiguous  to  the  largest  church  of  the 
town,  a  brigand — a  man  guilty  of  several  assassinations,  who  lived 
quietly  there,  guaranteed  against  all  pursuit  by  the  sanctity  of  the  place. 
I  wished  to  assure  myself  with  my  own  eyes  of  the  reality  of  the  fact., 
and  1  went  with  my  friend  Rodriguez  into  the  little  cloister  in  question. 
The  assassin  was  then  eating  a  meal  which  a  woman  had  just  brought 
him.  He  easily  guessed  the  object  of  our  visit,  and  made  immediately 
such  demonstrations  as  convinced  us  that,  if  the  asylum  was  safe  for 
the  robber,  it  would  not  be  so  long  for  us.  We  retired  at  once,  deplor- 
ing that  in  a  country  calling  itself  civilized  there  should  still  exist  such 
crying,  such  monstrous  abuses. 

In  order  to  succeed  in  our  geodesic  operations,  to  obtain  the  coopera- 
tion of  the  inhabitants  of  the  villages-  near  our  stations,  it  was  desirable 
for  us  to  be  recommended  to  the  priests.  We  went,  therefore — M. 
Lanusse,  the  French  vice-consul,  M.  Biot,  and  I — to  pay  a  visit  to  the 
Archbishop  of  Valencia,  to  solicit  his  protection.  This  archbishop,  a 
man  of  very  tall  figure,  was  then  chief  of  the  Franciscans ;  his  costume, 
more  than  negligent,  his  grey  robe,  covered  with  tobacco,  contrasted 
with  the  magnificence  of  the  archiepiscopal  palace.  He  received  us 
with  kindness,  and  promised  us  all  the  recommendations  we  desired ; 
but,  at  the  moment  of  taking  leave  of  him,  the  whole  affair  seemed  to 
be  spoiled.  M.  Lanusse  and  M.  Biot  went  out  of  the  reception-ix)om 
without  kissing  the  hand  of  his  grace,  although  he  had  presented  it  to 
each  of  them  very  graciously.  The  archbishop  indemnified  himself  on 
my  poor  i)erson.  A  movement,  which  was  very  near  breaking  my  teeth, 
a  gesture  which  I  might  justly  call  a  blow  of  the  fist,  proved  to  me  that 
the  chief  of  the  Franciscans,  notwithstanding  his  vow  of  humility,  had 
taken  offense  at  the  want  of  ceremony  in  my  fellow -visitors.  I  was  go- 
ing to  complain  of  the  abrupt  way  in  which  he  had  treated  me,  but  I 
had  the  necessities  of  our  trigonometrical  operations  before  my  eyes, 
and  I  was  silent. 

Besides  this,  at  the  instant  when  the  closed  fist  of  the  archbishop  was 
applied  to  my  lips,  I  was  still  thinking  of  the  beautiful  optical  experi- 
ments which  it  would  have  been  possible  to  make  with  the  magnificent 
stone  which  ornamented  his  pastoral  ring.  This  idea,  I  must  frankly 
declare,  had  preoccupied  me  during  the  whole  of  the  visit. 

M.  Biot  having  at  last  come  to  seek  me  again  at  YalQuci9»)^\v^\^\  ^^- 
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pected,  as  I  bave  before  said,  some  new  instruments,  we  went  on  to 
Formentera,  tbe  soutbern  extremity  of  our  arc,  of  wbieb  place  we  deter 
mined  tbe  latitude.    M.  Biot  quitted  me  afterward  to  return  to  Paris, 
wbile  I  made  tbe  geodesicfil  junction  of  tbe  island  of  Majorca  to  Iviza, 
and  to  Formentera,  obtaining  tbus,  by  means  of  one  single  triaugle,tbe 
measure  of  an  arc  of  parallel  of  one  degree  and  a  balf. 

I  tben  went  to  Majorca,  to  measure  tbere  tbe  latitude  and  the  azimotb. 
At  tbis  epocb,  tbe  political  fermentation,  engendered  by  tbe  entrance  of 
tbe  Frencb  into  Spain,  began  to  invade  tbe  wbole  Peninsula  and  the 
islands  dependent  on  it.     Tbis  ferment  had  as  yet  in  Majorca  only 
reached  to  tbe  ministers,  the  partisans,  and  the  relations  of  the  Prince 
of  Peace.     Each  evening  I  saw,  drawn  in  triumph  in  the  square  of 
Palma,  tbe  capital  of  tbe  island  of  Majorca,  on  carriages,  the  effigies  in 
tlames,  sometimes  of  the   minister  Seller,  another  time  those  of  the 
bishop,  and  even  those  of  private  individuals  supposed  to  be  attached  to 
the  fortunes  of  the  favorite  Godoi.    I  was  far  from  suspecting  then  that 
my  turn  would  soon  amve. 

My  station  at  Majorca,  tbe  Clop  de  Galazo^  a  very  high  mountain, 
was  situated  exactl}'^  over  the  port  where  Don  Jayme  el  Conquistator  dis- 
embarked when  be  went  to  deliver  tbe  Balearic  Islands  from  the  Moors. 
Tbe  report  spread  itself  through  the  population  that  I  had  established 
myself  there  in  order  to  favor  the  arrival  of  tbe  French  army,  and  that 
every  evening  I  made  signals  to  it.  But  these  reports  had  nothing 
menacing  until  the  moment  of  the  arrival  at  Palma,  the  27th  of  May, 
1808,  of  an  ordnance  officer  from  Napoleon.  Tbis  officer  was  M.  Ber- 
themie;  he  carried  to  the  Spanish  squadron,  at  Mahon,  the  order  to  go 
in  all  haste  to  Toulon.  A  general  rising,  which  placed  the  life  of  this 
officer  in  danger,  followed  the  news  of  bis  mission.  The  Captain  Gen- 
eral Viv^s  only  saved  his  life  by  shutting  him  ui>  in  the  strong  castle 
of  Belver.  They  tben  bethought  themselves  of  the  Frenchman  estab- 
lished on  the  Clop  de  QalazOy  aud  formed  a  popular  expedition  to  goan^ 
seize  him. 

M.  Damian,  the  owner  of  a  small  kind  of  vessel  called  a  mistic,  which 
the  Spanish  government  had  placed  at  my  disposal,  was  beforehaud 
with  them,  and  brought  me  a  costume  by  means  of  which  I  disguised 
myself.    In  directing  myself  toward  Palma,   in  company   with  this 
brave  seaman,  we  met  with  the  rioters,  who  were  going  in  search  of  roe. 
Tiiey  did  not  recognize  me,  for  I  spoke  Majorcan  i)erfectly.     I  strongly 
encouraged  the  men  of  this  detachment  to  continue  their  route,  and  I 
pursued  my  way  toward  Palma.    At  night  I  went  on  board  the  mistic, 
commanded  by  Don  Manuel  de  Vacaro,  whom  the  Spanish  government 
had  placed  under  my  orders.    I  asked  tbis  officer  if  be  would  conduct 
me  to  Barcelona,  occupied  bj'  the  French,  promising  him  that,  if  they 
made  any  ai;tempt  to  keep  him  there,  I  would  at  once  return  and  sur- 
render myself  a  prisoner. 

Don  Manuel,  who  up  to  this  time  had  shown  extreme  obsequiousness 
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toward  me,  had  now  no  words  but  those  of  rudeness  and  distrust. 
There  occurred  on  the  pier  where  the  mistic  was  moored  a  riotous 
movement,  whicli  Vacaro  assured  me  was  directed  against  me.  "Do 
not  be  uneasy,''  said  he  to  me;  "if  they  should  penetrate  into  the  ves- 
sel, you  can  hide  yourself  in  this  trunlc."  I  made  the  attempt,  but  the 
chest  which  he  show^ed  me  was  so  small  that  my  legs  were  entirely  Oiit- 
side,  and  the  cover  could  not  be  shut  down.  I  understood  perfectly 
what  that  meant,  and  I  asked  M.  Yacaro  to  let  me  also  be  shut  up  in 
the  castle  of  Belver.  The  order  for  incarceration  having  arrived  from 
the  captain  general,  I  got  into  the  boat,  where  the  sailors  of  the  mis  tic 
received  me  with  emotion. 

At  the  moment  of  their  crossing  the  harbor,  the  populace  perceived 
me,  commenced  a  pursuit,  and  it  was  not  without  much  ditficulty  that 
I  reached*  Belver  safe  and  sound.  I  had  only,  indeed,  received  on  my 
way  one  slight  wound  from  a  dagger  in  the  thigh.  Prisoners  have 
often  been  seen  to  run  with  all  speed  from  their  dungeon;  I  am  the 
first,  perhaps,  to  whom  it  has  happened  to  do  the  reverse.  This  took 
place  on  the  1st  or  2d  of  June,  1808. 

The  governor  of  Belver  was  a  very  extraordinary  personage;  if  he  is 
still  alive,  he  may  demand  of  me  a  certificate  as  to  his  priority  to  the 
modem  hydropathists.  The  grenadier  captain  maintained  that  pure 
water,  suitably  administered,  was  a  means  of  treatment  for  all  illnesses, 
even  for  amputations;  by  listening  very  patientl3"  to  his  theories,  and 
never  interrupting  him,  I  won  his  good  opinion.  It  w-as  at  his  request, 
and  from  interest  in  our  safety,  that  a  Swiss  garrison  replaced  tlie 
Spanish  troop  which,  until  then,  had  been  employed  as  the  guard  of 
Belver.  It  was  also  through  hi;n  that  I  one  day  learned  that  a  monk 
had  proposed  to  the  soldiers  who  went  to  bring  my  food  from  the  town, 
to  put  some  poison  into  one  of  the  dishes. 

All  my  old  Mnjorcan  friends  had  abandoned  me  at  the  moment  of  my 
Retention.  I  had  had  a  very  sharp  correspondence  with  Don  Manuel 
de  Viicaro,  in  order  to  obtain  the  restitution  of  the  passport  of  safety 
which  the  English  admiralty  had  granted  to  us.  M.  Rodriguez  alone 
ventured  to  visit  me  in  full  daylight,  and  bring  me  every  consolation 
in  his  power. 

The  excellent  M.  Rodriguez,  to  while  away  the  monotony  of  my 
incarceration,  remitted  to  ine,  from  time  to  time,  the  journals  which 
were  then  published  at  different  parts  of  the  Peninsula.  He  often  sent 
them  to  me  without  reading  them.  Once  I  saw  in  these  journals  the 
recital  of  the  horrible  massacres  of  which  the  town  of  Valencia — I  make 
a  mistake,  the  square  of  the  hull-fights — ^had  been  the  theater,  and  in 
which  nearly  the  whole  of  the  French  established  in  this  town  (morj 
than  three  hundred  and  fifty)  had  disappeared  under  the  pike  of  the 
bull-fighter.  Another  journal  contained  an  article  bearing  this  title, 
*vRelacion  de  la  ahorcadura  del  Senor  Arago  e  del  Seuor  Berth^raie'' — 
literally,  ''Account  of  th^  Execution  of  M.  Arago  and  M,  B^\\M\tt\vi»^^ 


166  AUTOBIOGRAPHY  OF  FRANCIS  ARAGO. 

This  account  spoke  of  the  two  executed  men  in  very  different  tenas. 
M.  Berth^rnie  was  a  Huguenot;  he  had  been  deaf  to  all  exhortations; 
lie  had  spit  in  the  face  of  the  ecclesiastic  who  was  present,  and  even  ou 
the  image  of  Christ.  As  for  me,  I  had  conducted  myself  with  much 
decency,  and  had  allowed  myself  to  be  hung  without  giving  rise  to  any 
scandal.  The  writer  also  expressed  his  regret  that  a  young  astronomer 
had  been  so  weak  as  to  associate  himself  with  treason,  coming  under 
the  disguise  of  science  to  assist  the  entrance  of  the  French  army  into 
a  friendly  kingdom. 

After  reading  this  article,  1  immediately  made  my  decision.  "Since 
they  talk  of  my  death,''  said  I  to  my  friend  Rodriguez,  "  the  event  will 
not  be  long  in  coming;  I  should  prefer  being  drowned  to  being  hung. 
I  will  make  my  escape  from  this  fortress;  it  is  for  you  to  furnish  me 
with  the  means." 

Rodriguez,  knowing  better  than  any  one  how  well  founded  my  appre- 
hensions were,  set  himself  at  once  to  the  work.  He  went  to  the  captain 
general,  and  made  him  feel  what  would  be  the  danger  of  his  position  if 
I  should  disappear  in  a  popular  riot,  or  even  if  he  were  forced  to  give 
me  up.  His  observations  were  so  much  the  better  comprehended,  as 
no  one  could  then  predict  what  might  be  the  issue  of  the  Spanish  revo- 
lution. "I  will  undertake,"  said  the  captain  general  Viv^s  to  my  col- 
league Rodriguez,  "to  give  an  order  to  the  commander  of  the  fortress, 
that  when  the  right  moment  arrives,  he  shall  allow  M.  Arago,  and  even 
the  two  or  three  other  Frenchmen  who  are  with  him  in  the  castle  of 
Belver,  to  pass  out;  they  will  then  have  no  need  of  the  means  of  escape 
which  they  have  procured.  But  1  will  take  no  part  in  the  preparations 
which  will  become  necessary  to  enable  the  fugitives  to  leave  the  island; 
I  leave  all  that  to  your  responsibility." 

-  Rodriguez  immediately  conferred  secretly  with  the  brave  commander 
Damian.  It  was  agreed  between  them  that  Damian  should  take  the 
command  of  a  half-decked  boat  which  the  wind  had  driven  ashore;  that 
he  should  equip  it  as  if  for  a  fishing  expedition;  that  he  should  carry 
us  to  Algiers,  after  which  his  reentrance  at  Pal  mas,  with  or  without 
fish,  would  inspire  no  suspicion.  All  was  executed  according  to  agree- 
ment, notwithstanding  the  inquisitorial  surveillance  which  Don  Manuel 
do  Vacaro  exercised  over  the  commander  of  his  "mistic." 

On  the  28th  July,  1808,  we  silently  descended  the  hill  on  which  Bel- 
ver  is  built,  at  the  same  moment  that  the  family  of  the  minister  Soller 
entered  the  fortress  to  escape  the  fury  of  the  populace.  Arrived  at  the 
shore,  we  found  there  Damian,  his  boat,  and  three  sailors;  we  embarked 
at  once,  and  set  sail.  Damian  had  taken  the  precaution  of  bringing 
with  us  in  this  frail  vessel  the  instruments  of  value  which  he  had  car- 
ried off  from  my  station  at  the  Clop  de  Oalazo.  The  sea  was  unfavor- 
able; Danuan  thought  it  prudent  to  stop  at  the  little  island  of  Cabrera, 
destined  to  become,  a  short  time  afterward,  so  sadly  celebrated  by  the 
sufferings  which  the  soldiers  of  the  army  of  Dupont  experienced  aftei 
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the  shameful  capitulation  of  Baylen.  There  a  singular  incident  was  verj 
near  compromising  all:  Cabrera,  tolerably  near  to  the  southern  extrem- 
ity of  Majorca,  is  often  visited  by  fishermen  coming  from  that  part  of 
the  island.  M.  Berthemie  feared,  justly  enough,  that,  the  rumor  of  our 
escape  having  spread  about,  they  might  dispatch  some  boats  to  seize 
us.  He  looked  upon  our  going  into  harbor  as  inopportune;  I  main- 
tained that  we  must  yield  to  the  prudence  of  the  commander.  During 
this  discussion,  the  three  seamen  whom  Damian  had  engaged  saw  that 
M.  Berth<^mie,  whom  I  had  endeavored  to  pass  off  as  my  servant,  main- 
tained his  opinion  against  me  on  a  footing  of  equality.  They  then 
addressed  themselves  in  these  terms  to  the  commander: 

"  We  only  consented  to  take  part  in  this  expedition  upon  condition 
that  the  Emperor's  aid-de-camp,  shut  up  at  Belver,  should  not  be  of  the 
number  of  those  persons  whom  we  should  help  off;  we  only  wished  to 
aid  the  flight  of  the  astronomer.  Since  it  seems  to  be  otherwise,  you 
must  leave  this  officer  here,  unless  you  would  prefer  to  throw  him  into 
the  sea.'' 

Damian  at  once  informed  me  of  the  imperative  wishes  of  his  boat's 
crew.  M.  Berthemie  agreed  with  me  to  suffer  some  abuse,  such  as 
could  only  be  tolerated  by  a  servant  threatened  by  his  master:  all  the 
suspicions  disappeared. 

Damian,  who  feared  also  for  himself  the  arrival  of  Majorcan  fisher- 
men, hastened  to  set  sail  on  the  29th  of  July,  1808,  the  first  moment 
that  was  favorable,  and  we  arrived  at  Algiers  on  the  3d  of  August. 

Our  looks  were  anxiously  directed  toward  the  port,  to  guess  what 
reception  might  await  us.  We  were  reassured  by  the  sight  of  the  tri- 
colored  flag  which  was  flying  on  two  or  three  buildings;  but  we  were 
mistaken,  these  buildings  were  Dutch.  Immediately  upon  our  entrance, 
a  Spaniard,  whom,  from  his  tone  of  authority,  we  took  for  a  high  func- 
tionary of  the  regency,  came  up  to  Damian,  and  asked  him,  "What  do 
you  bring  f  "  "  I  bring,"  answered  the  commander,  "  four  Frenchmen.'^' 
"You  will  at  once  take  them  back  again;  I  prohibit  you  from  disem- 
barking." As  we  did  not  seem  inclined  to  obey  his  order,  our  Span- 
iard, who  was  the  constructing  engineer  of  the  ships  of  the  Dey,  armed 
himself  with  a  i>ole,  and  commenced  battering  us  with  blows;  but 
immediately  a  Genoese  seaman,  mounted  on  a  neighboring  vessel, 
armed  himself  with  an  oar,  and  struck  our  assailant  both  with  edge 
and  point.  During  this  animated  combat,  we  managed  to  land  without 
any  opposition.  We  had  conceived  a  singular  idea  of  the  manner  in 
which  the  police  act  on  the  coast  of  Africa. 

We  pursued  our  way  to  the  French  consul's,  M.  Dubois  Thainville ; 
he  was  at  his  country  house.  Escorted  by  the  janissary  of  the  consul- 
ate, we  went  off*  toward  this  country  house,  one  of  the  ancient  residences 
of  the  Dey,  situated  not  far  from  the  gate  of  Bab-azoum.  The  consul 
and  his  family  received  us  with  great  amity,  and  offered  us  hospitality. 

Suddenly  transported  to  a  new  continent,  I  looked  forward  anxiouslvj' 
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to  the  rising  of  the  sun  to  enjoy  all  that  Africa  might  offer  of  interest 
to  a  European,  when  all  at  once  I  believed  myself  to  be  engaged  in  a 
serious  adventure.  By  the  faint  light  of  the  dawn,  I  saw  an  animal 
moving  at  the  foot  of  my  bed.  I  gave  a  kick  with  my  foot ;  all  mov> 
ment  ceased.  After  some  time,  1  felt  the  same  movement  under  my 
legs.  A  sharp  jerk  made  this  cease  quickly.  I  then  beard  the  fits  of 
laughter  of  the  janissary,  who  lay  on  a  couch  in  the  same  room  as  I  did; 
and  I  soon  saw  that  he  had  simply  placed  on  my  bed  a  large  hedgeho;; 
to  amuse  himself  by  my  uneasiness. 

The  consul  occupied  himself  the  next  day  in  procuring  a  passage  for 
us  on  board  a  vessel  of  the  liegency  which  was  going  to  Marseilles.  M. 
Ferrier,  the  chancellor  of  the  French  consulate,  was  at  the  same  time 
consul  for  Austria.  He  procured  for  us  two  false  passports,  which 
transformed  us — M.  Berth^mie  and  me — into  two  strolling  merchants^ 
the  one  from  Schwekat,  in  Hun  gary,  the  other  from  Leoben. 

Tiie  moment  of  departure  had  arrived ;  the  13th  of  August,  1808,  we 
were  on  board,  but  our  ship's  company  was  not  complete.  The  captain, 
whose  title  was  lla'i  Braham  Ouled  Mustapha  Goja,  having  perceived  that 
the  Dey  was  on  his  terrace,  and  fearing  punishment  if  he  should  delay 
to  set  sail,  completed  his  crew  at  the  expense  of  the  idlers  who  were 
looking  on  from  the  pier,  and  of  whom  the  greater  i)art  were  not  saitors. 
These  poor  people  begged  as  a  i'avor  for  permission  to  go  and  inform 
their  families  of  this  ])recipitate  departure,  and  to  get  some  clothes. 
The  captain  remained  deaf  to  their  remonstrances.    We  weighed  anchor. 

The  vessel  belonged  to  the  Emir  of  Seca,  director  of  the  mint.  The 
real  commander  was  a  Greek  captain,  named  Spiro  Calligero.  The  cargo 
consisted  of  a  great  number  of  grovps.  Among  the  passengers  there 
were  five  members  of  the  family  which  the  Bakri  had  succeeded  as 
kings  of  the  Jews;  two  ostrich-feather  merchants,  Moroccans;  Captain 
Krog,  from  Berghen  in  Norway,  who  had  sold  his  ship  at  Alicant;  two 
lions  sent  by  the  Dey  to  the  Emperor  Xapoleon,  and  a  great  number  ot 
monkeys.  Our  voyage  was  prosperous.  Off  Sardinia  we  met  with  an 
American  ship  coming  out  from  Cagliari.  A  cannon-shot  (we  were 
armed  with  forty  pieces  of  small  powerj  warned  the  captain  to  come  to 
be  recognized.  He  brought  on  board  a  certain  number  of  counterparts 
of  passports,  one  of  which  agreed  perfectly  with  that  which  we  carried. 
The  captain  being  thus  all  right,  was  not  a  little  astonished  when  I 
ordered  him,  in  the  name  of  Captain  Braham,  to  furnish  us  with  tea, 
coffee,  and  sugar.  The  American  captain  protested ;  he  called  us  brig- 
ands, pirates,  robbers.  Captain  Braham  admitted  without  diflicultyall 
these  qualifications,  and  persisted  none  the  less  in  the  exaction  of  sugar, 
coffee,  and  tea. 

The  American,  then  driven  to  the  last  stage  of  exasi>eration,  addres- 
sed himself  to  me,  who  acted  as  interpreter,  and  cried  out,  *'  Oh  !  rogne 
of  a  renegade !  if  ever  I  meet  you  on  holy  ground  I  will  break  your  head.'* 
"Can  you  then  suppose,"  I  answered  him.^  "that  I   am  here  for  my 
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pleasure,  and  that,  nothwithstandiug  your  menace,  I  would  not  rather 
^0  with  you,  if  I  could?"  These  words  calmed  him;  he  brought  the 
sugar,  "the  coffee,  and  the  tea  claimed  by  the  Moorish  chief  and  we  again 
set  sail,  though  without  having  exchanged  the  usual  farewell. 

We  had  already  entered  the  Gulf  of  Lyons,  and  were  approaching 
3Jareeille8,  when  on  the  16th  August,  1808,  we  met  with  a  Spanish  cor- 
sair from  Palamos,  armed  at  the  prow  with  two24-pounders.  We  made 
full  sail;  we  hoped  to  escape  it:  but  a  cannon  shot,  a  ball  from  which 
went  through  our  sails,  taught  us  that  she  w^as  a  much  better  sailer  than 
we  were. 

We  obeyed  an  injunction  thus  expressed,  and  awaited  the  great  boat 
from  the  corsair.  The  captain  declared  that  he  made  us  prisoners, 
although  Spain  was  at  peace  with  Barbarj^,  under  the  pretext  that  we 
were  violating  the  blockade  which  had  been  lately  raised  on  all  the  coasts 
of  France ;  he  added  that  he  intended  to  take  us  to  Eosas,  and  that 
there  the  authorities  would  decide  on  our  fate. 

I  was  in  the  cabin  of  the  vessel ;  I  had  the  curiosity  to  look  furtively 
at  the  crew  of  the  boat,  and  there  I  perceived,  with  a  dissatisfaction 
which  may  easily  be  imagined,  one  of  the  sailors  of  the  '^mistic,"  com- 
manded by  Don  Manuel  de  Vacaro,  of  the  name  of  Pablo  Blanco,  of  Pala- 
mos, who  had  olten  acted  as  my  servant  during  mj^  geodesec  operations. 
My  false  passport  would  become  frcm  this  moment  useless,  if  Pablo 
should  recognize  me.  I  went  to  bed  at  once,  covered  my  head  with  a 
counterpane,and  lay  as  still  as  a  statue. 

During  the  two  days  which  elapsed  between  our  capture  and  our 
entrance  into  the  roads  of  Eosas,  Pablo,  whose  curiosity  often  brought 
him  into  the  room,  used  to  exclaim,  **There  is  one  passenger  whom  I 
have  not  yet  managed  to  get  a  sight  of." 

When  we  arrived  at  Ecsas  it  was  decided  that  we  should  be  placed 
in  quarantine  in  a  dismantled  windmill,  situated  on  the  road  leading  to 
Figueras.  I  w  as  careful  to  disembark  in  a  boat  to  which  Pablo  did  not 
belong.  The  corsair  departed  for  a  new  cruise,  and  I  was  for  a  moment 
freed  from  the  harassing  thoughts  which  my  old  servant  had  caused  me. 

Our  ship  was  richly  laden;  the  Spanish  authorities  were  immediately 
desirous  to  declare  it  a  lawful  prize.  They  pretended  to  believe  that  I 
was  the  proprietor  of  it,  and  wished,  in  order  to  hasten  things,  to  inter- 
rogate me,  even  without  awaiting  the  completion  of  the  quarantine. 
They  stretched  two  cords  between  the  mill  and  the  shore;  and  a  judge 
placed  himself  in  front  of  me.  As  the  interrogatories  were  made  from 
a  good  distance,  the  numerous  audience  which  encircled  us  took  a  direct 
part  in  the  questions  and  answers.  I  will  endeavor  to  reproduce  this 
dialogue  with  all  possible  fidelity : 

"Who  are  your 

"  A  poor  roving  merchant." 

*' Whence  do  you  come?" 

"From  a  country  where  you  certainly  never  were." 
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"  In  a  word,  what  country  is  itf 

I  was  afraid  to  answer,  for  the  passports,  steeped  in  vinegar,  were  in 
the  bands  of  the  judge-instructor,  and  I  had  forgotten  whether  Iwas 
'from  Schwekat  or  from  Leoben.    Finally  I  answered  at  all  hazards: 

"T  come  from  Schwekat.-' 

And  this  information  happily  was  found  to  agree  with  that  of  the 
passport. 

"You  are  as  much  from  Schwekat  as  I  am,'' answered  the  judge. 
"You  are  Spanish,  and,  moreover,  a  Spaniard  from  the  kingdom  of 
Valencia,  as  I  perceive  by  your  accent. ' 

"  Would  you  punish  me,  sir,  because  nature  has  endowed  me  witli 
the  gift  of  languages!  I  learn  with  facility  the  dialects  of  those coun 
tries  through  which  I  j)ass  in  the  exercise  of  my  trade  j  I  have  learned, 
for  example,  the  dialect  of  Iviza." 

"  Very  well,  you  shall  be  taken  at  your  word.  1  see  here  a  soldier 
from  Iviza;  you  shall  hold  a  conversation  with  him.'' 

"  I  consent ;  I  will  even  sing  the  goat  song." 

Each  of  the  verses  of  this  song  (if  verses  they  be)  terminates  by  an 
imitation  of  the  bleating  of  the  goat. 

I  commenced  at  once,  with  an  audacity  at  which  I  really  feel  aston- 
ished, to  chant  this  air,  which  is  sung  by  all  the  shepherds  of  the  island: 

Ah  graciada  seflora 
Una  cauzo  bonil  canta 
B*>,  hhy  b^,  hh. 
No  sera  gaira  pulida 
Nos^  si  vos  agradara 
B^,  b6,  be,  b^. 

At  once  my  Ivizacan,  upon  whom  this  air  had  the  effect  of  the  ran: 
des  vaches  on  the  Swiss,  declared,  all  in  tears,  that  I  was  a  native  of 
Iviza, 

I  then  said  to  the  judge  that  if  he  would  put  me  in  commuuicatiou 
with  a  person  knowing  the  French  language,  he  would  arrive  at  jnst  as 
embarrassing  a  result.  An  emigre  officer  of  the  Bourbon  regiment  offered 
at  once  to  make  the  experiment,  and,  after  some  phrases  interchanged 
between  us,  affirmed  without  hesitation  that  I  was  French. 

The  judge,  rendered  impatient,  exclaimed,  "  Let  us  put  an  end  to 
these  trials  which  decide  nothing.  I  summon  you,  sir,  to  tell  me  who 
you  are.  I  promise  that  your  life  will  be  safe  if  you  answer  me  with 
sincerity." 

"  My  greatest  wish  would  be  to  give  an  answer  to  your  satisfaction. 
I  will,  then,  try  to  do  so;  but  I  warn  you  that  I  am  not  going  to  tell 
you  the  truth.  I  am  the  son  of  the  innkeeper  at  Matar6.^  "I  know 
that  innkeeper ;  you  are  not  his  son."  "  You  are  right.  I  announced 
to  you  that  I  should  vary  my  answers  until  one  of  them  should  suityoa. 
I  retract  thet),  and  tell  you  that  I  am  a  titiretero  (player  of  marionettes) 
and  that  I  practiced  at  Lerida." 
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A  loud  shout  of  laughter  from  the  multitude  encircling  us  greeted 
tiiis  answer,  and  put  an  end  to  the  questions. 

"I  swear  by  the  d ^1,"  exclaimed  the  judge,  "  that  I  will  discover 

sooner  or  later  who  you  are !'' 
And  be  retired. 

Tbo  Arabs,  the  Moroccans,  the  Jews,  who  witnessed  this  interrogatory^ 
understood  nothing  of  it;  they  had  only  seen  that  I  had  not  allowed 
iDyself  to  be  intimidated.  At  the  close  of  the  interview  they  came  to 
kiss  my  hand,  and  gave  me,  from  this  moment,  their  entire  confidence. 
I  became  their  secretary  for  all  the  individual  or  collective  remon- 
strances which  they  thought  they  had  a  right  to  address  to  the  Spanish 
government;  and  this  right  was  incontestable.  Every  day  I  was  occu- 
pied in  drawing  up  petitions,  especially  in  the  name  of  the  two  ostrich- 
feather  merchants,  one  of  whom  called  himself  a  tolerably  near  relation 
of  the  Emperor  of  Morocco.  Astonished  at  the  rapidity  with  which  I 
filled  a  page  of  my  writing,  they  imagined,  doubtless,  that  I  should  write 
as  fast  in  Arabic  characters,  when  it  should  be  requisite  to  transcribe 
passages  from  the  Koran;  and  that  this  would  form  both  forme  and 
for  them  the  source  of  a  brilliant  fortune,  and  they  besought  me,  in  the 
most  earnest  way,  to  become  a  Mahomedan. 

Very  little  reassured  by  the  last  words  of  the  judge,  I  sought  means 
of  safety  from  another  quarter. 

I  was  the  possessor  of  a  safe-conduct  from  the  English  admiralty;  I 
therefore  wrote  a  confidential  letter  to  the  captain  of  an  English  vessel,  the 
*'  Eagle,''  I  think,  which  had  cast  anchor  some  days  before  in  the  roads 
at  Rosa^.  I  explained  to  him  my  position.  "  You  can,''  I  said,  ''  claim 
me,  because  I  have  an  English  passport.  If  this  proceeding  should  cost 
you  too  much,  have  the  goodness  at  least  to  take  my  manuscripts  and 
to  send  them  to  the  Koyal  Society  in  London." 

One  of  the  soldiers  who  guarded  us,  and  in  whom  T  had  fortunately 
inspired  some  interest,  undertook  to  deliver  my  letter.  The  English 
captain  came  to  see  me;  his  name  was,  if  my  memory  is  right,  George 
Eyre.  We  had  a  private  conversation  on  the  shore.  George  Eyre 
thought  perhaps  that  the  manuscripts  of  my  observations  were  con- 
tained in  a  register  bound  in  morocco,  and  with  gilt  edges  to  the  leaves. 
When  he  saw  that  these  manuscripts  were  composed  of  single  leaves 
covered  with  figures,  which  I  had  hidden  under  my  shirt,  disdain  suc- 
ceeded to  interest,  and  he  quitted  me  hastily.  Having  returned  on 
hoard  he  wrote  me  a  letter  which  I  could  find  if  needful,  in  which  he 
said  to  me,  "  I  cannot  mix  myself  up  in  j'our  affairs ;  address  yourself 
to  the  Spanish  government;  I  Jim  persuaded  that  it  will  do  justice  to 
your  remonstrance  and  will  not  molest  you."  As  I  had  not  the  same 
persuasion  as  Captain  George  Eyre,  I  chose  to  take  no  notice  of  his 
adv^ice. 

I  ought  to  mention  that  some  time  after  having  related  these  partic- 
ulars in  England  at  Sir  Josei)h  Banks's,  the  conduct  of  George  Eyre  was 
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severely  blamed  ;  but  wbeu  a  man  breakfasts  and  dines  to  the  sound  of 
barraonioiis  music,  can  he  accord  his  interest  to  a  poor  devil  sleeping 
on  straw  and  nibbled  by  vermin,  even  though  he  have  manuscripts  under 
his  shirt?  I  may  add  that  I  (unfortunately  for  me)  had  to  do  with  a 
captain  of  an  unusual  character.  For,  some  days  later,  a  new  vessel,  the 
Colossus,  having  arrived  in  the  roads,  the  Norwegian,  Captain  Kroj;. 
although  he  had  not,  like  me,  an  admiralty  passport,  made  an  applica- 
tion to  the  commander  of  this  new  ship  5  he  was  immediately  claimed 
and  relieved  from  captivity. 

The  report  that  I  was  a  Spanish  deserter  and  proprietor  of  the  vessel, 
acquiring  more  and  more  credit,  and  this  position  being  the  most  dan- 
gerous of  all,  I  resolved  to  get  out  of  it.  I  begged  the  commandant  of 
the  place,  M.  Alloy,  to  come  to  receive  my  declaration,  and  I  annoanced 
to  him  that  I  was  French.  To  prove  to  him  the  truth  of  my  words  I 
invited  him  to  send  for  Pablo  Blanco,  the  sailor  in  the  service  of  the 
corsair  who  took  us,  and  who  had  returned  from  his  cruise  a  short  time 
before.  This  was  done  as  I  wished.  In  disembarking,  Pablo  Blanco, 
who  had  not  been  Avarued,  exclaimed  with  surprise,  "  What!  you  Don 
Francisco,  mixed  up  with  all  these  miscreants  I'^  The  sailor  gave  the 
governor  circumstantial  evidence  as  to  the  mission  which  I  fulfilled  with 
two  Spanish  commissaries.    My  nationality  thus  became  proved. 

That  same  day  Alloy  was  replaced  in  the  command  of  the  fortress  by 
the  Irish  colonel  of  the  Ultonian  regiment ;  the  corsair  left  for  a  fresh 
cruise,  taking  away  Pablo  Blanco ;  and  I  became  once  more  the  roving 
merchant  from  Schwekat. 

From  the  windmill  where  we  underwent  our  quarantine,  I  could  see 
the  tricolored  flag  flying  on  the  fortress  of  Figueras.  The  reconnoiterinj: 
parties  of  the  cav^alry  came  sometimes  within  five  or  six  hundi'ed  meters: 
it  would  not  then  have  been  diflBcult  for  me  to  escape.  However,  as  the 
regulations  against  those  who  violate  the  sanitary  laws  are  very  rigor- 
ous in  Spain,  as  they  pronounce  the  penalty  of  death  against  him  who 
infringes  them,  I  only  determined  to  make  my  escape  on  the  eve  of  our 
admission  to  pratique. 

The  night  being  come  I  crept  on  all-fours  along  the  briars,  and  I  should 
soon  have  got  beyond  the  line  of  sentinels  who  guarded  us.  A  noisy 
uproar  which  I  heard  among  the  Moors  made  me  determine  to  reenter, 
and  I  found  these  poor  people  in  an  unspeakable  state  of  uneasiness, 
thinking  themselves  lost  if  I  left ;  I  therefore  remained. 

The  next  day  a  strong  picket  of  troops  presented  itself  before  the 
mill.  The  maneuvers  made  by  it  inspired  all  of  us  with  anxiety,  but 
especially  Captain  Krog.*  ''  What  will  they  do  with  us?''  he  exclaimed. 
"Alas!  you  will  see  only  too  soon,"  replied  the  Spanish  oflicer.  This 
answer  made  every  one  believe  that  they  were  going  to  shoot  us.  AVbiit 
might  have  strengthened  me  in  this  idea  was  the  obstinacy  with  wliich 

*Tlii8  appears  to  bo  an  oversight,  as  in  a  preceding  page  M.  Arago  dcscribefl  the  for* 
tunute  release  of  Cuptaiu  Ivrog  from  t\iv»  cat\>lV\\\.'s , 
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Captain  Krog  and  two  other  individuals  of  small  size  hid  themselves 
behind  me.  A  handling  of  arms  made  us  think  that  we  had  but  a  few 
aeconds  to  live. 

In  analyzing  the  feelings  which  T  experienced  on  this  solemn  occasion, 
I  have  come  to  the  conclusion  that  the  man  who  is  led  to  death  is  not  as 
unhappy  as  the  public  imagines  him  to  be.  Fifty  ideas  presented  them- 
selves nearly  simultaneously  to  my  mind,  and  I  did  not  rack  my  brain 
for  any  of  them ;  I  only  recollect  the  two  following  which  have  remained 
engraved  on  my  memory'.  On  turning  my  head  to  the  right,  I  saw  the 
national  flag  flying  on  the  bastions  of  Figueras,  and  I  said  to  myself, 
'If  I  were  to  move  a  few  hundred  meters  I  should  be  surrounded  by 
comrades,  by  friends,  by  fellow-citizens,  who  would  receive  me  affection- 
ately. Here,  without  their  being  able  to  impute  any  crime  to  me,  I  am 
going  to  suft'er  death  at  twenty-two  years  of  age.''  But  what  agitated 
me  more  deeply  was  this :  looking  toward  the  Pyrenees  I  could  distinctly 
see  their  peaks,  and  I  reflected  that  my  mother,  on  the  other  side  of  the 
chain,  might  at  this  awful  moment  be  looking  peaceabl}'  at  them. 

The  Spanish  authorities,  finding  that  to  redeem  my  life  I  would  not 
declare  myself  the  owner  of  the  vessel,  had  us  conducted  without  further 
molestation  to  the  fortress  of  Eosas.  Having  to  file  through  nearly  all 
the  inhabitants  of  the  town,  I  had  wished  at  first,  through  a  false  feeling 
of  shame,  to  leave  in  the  mill  the  remains  of  our  week's  meals.  But  M. 
Berth^mie,  more  prudent  than  I,  carried  over  his  shoulder  a  great  quan- 
tity of  pieces  of  black  bread  tied  up  with  packthread.  I  imitated  him. 
I  furnished  myself  famously  from  our  old  stock,  set  it  on  my  shoulder, 
and  it  was  with  this  accoutrement  that  I  made  my  entrance  into  the 
famous  fortress. 

They  placed  us  in  a  casemate,  where  we  had  barely  the  space  neces- 
sary for  lying  down.  In  the  windmill  they  used  to  bring  us,  from  time 
to  time,  some  provisions  which  came  from  our  boat.  Here,  the  Spanish 
government  purveyed  our  food.  We  received  every  day  some  bread  and 
a  ration  of  rice ;  but  as  we  had  no  means  of  dressing  food,  we  were  in 
reality  reduced  to  dry  bread. 

Dry  bread  was  very  unsubstantial  food  for  one  who  could  see  from 
liis  casemate,  at  the  door  of  his  prison,  a  sutler  selling  grapes  at  two 
fiirthings  a  pound,  and  cooking,  under  the  shelter  of  half  a  cask,  bacon 
and  herrings ;  but  we  had  no  money  to  bring  us  into  connection  with  this 
merchant.  I  then  decided,  though  with  very  great  regret,  to  sell  a 
watch  which  my  father  had  given  me.  I  was  only  offered  about  a  quarter 
of  its  value;  but  I  might  well  accept  it  since  there  were  no  competitors 
for  it. 

As  possessors  of  sixty  francs,  M.  Berth6mie  and  I  could  now  appease 
the  hunger  from  which  we  had  long  suffered ;  but  we  did  not  like  this 
return  of  fortune  to  be  profitable  to  ourselves  alone,  and  we  made  some 
presents,  which  were  very  well  received  by  our  companions  in  captivity. 
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Though  this  sale  of  my  watch  brought  some  comfort  to  us,  it  was  doomed 
at  a  later  period  to  plunge  a  family  iuto  sorrow. 

The  town  of  Eosas  fell  into  the  power  of  the  French  after  a  coll^ag^ 
ous  resistance.  The  prisoners  of  the  garrison  were  sent  to  France,  ami 
naturally  passed  through  Perpignan.  My  father  went  in  quest  of  nvws 
w'herever  Spaniards  were  to  be  found.  He  entered  a  cafe  at  the  moDeut 
when  a  prisoner  oflScer  drew  from  his  fob  the  watch  which  I  had  sokl 
at  Rosas.  My  good  father  saw  in  this  act  the  proof  of  my  death,  and 
fell  into*  a  swoon.  The  officer  had  got  the  watch  from  a  third  party, 
and  could  give  no  account  of  the  fate  of  the  person  to  whom  it  had  ori- 
ginally belonged. 

The  cjisemate  having  become  necessary  to  the  defenders  of  the  fortress, 
we  were  taken  to  a  little  chapel  where  they  deposited  for  tweuty-foor 
hours  those  who  had  died  in  the  hospital.  There  we  were  guarded  by 
peasants  who  had  come  across  the  mountain  Irom  various  villages,  and 
particularly  from  Cadaques.  These  peasants,  eager  to  recount  all  that 
they  had  seen  of  interest  during  their  one  day's  campaign,  questioned 
me  as  to  the  deeds  and  behavior  of  all  my  companions  in  misfortune. 
I  satisfied  their  curiosity  amply,  being  the  only  one  of  the  set  who  could 
speak  Spanish. 

To  enlist  their  good  will,  I  also  questioned  them  at  length  upon  the 
subject  of  their  village,  on  the  work  that  they  did  there,  on  smuggling, 
their  principal  sources  of  employment,  &c.,  &c.     They  answered  my 
questions  with  the  loquacity  common  to  country  rustics.    The  next  day 
our  guards  were  replaced  by  some  others  who  were  inhabitants  of  the 
same  village.    ^'  In  my  business  of  a  roving  merchant,''  I  siiid  to  these 
last,  "  I  have  been  at  Cadaques ;"  and  then  I  began  to  talk  to  them  of 
what  I  had  learnt  the  night  before  of  such  an  individual,  who  gave  him- 
self up  to  smuggling  with  more  success  than  others,  of  his  bcantifol 
residence,  of  the  property  which  he  possessed  near  the  village ;  in  short, 
of  a  number  of  particulars  which  it  seemed  impossible  for  any  hut  an 
inhabitant  of  Cadaquiis  to  know.     My  jest  produced  an  unexpet^ted 
efiect.    Such  circumstantial  details,  our  guards  said  to  themselves,  can- 
not be  known  by  a  roving  merchant;  this  personage  whom  we  have 
found  hero  in  such  singular  society,  is  certainly  a  native  of  Cadaquts; 
and  the  son  of  the  apothecary  must  be  about  his  age.    He  had  gone  to 
try  his  fortune  in  America ;  it  is  evidently  he,  who  fears  to  make  himself 
known,  having  been  found  with  all  his  riches  in  a  vessel  on  its  way  to 
France.    The  report  spread,  became  more  consistent,  and  reached  the 
ears  of  a  sister  of  the  apothecary-  established  at  Rosas.    She  runs  to 
me,  believes  she  recognizes  me,  and  falls  on  my  neck.    I  protest  against 
the  identity.     "Well  played!''  said  she  to  me;  "  the  case  is  serious,  a* 
you  have  been  found  in  a  vessel  coming  to  France;  persist  in  yout 
denial;  circumstances  may  perhaps  take  a  more  favorable  turn,  and  t 
shall  prpfit  by  them  to  insure  your  deliverance.    In  the  mean  time,  my 
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r  nephew,  I  will  let  you  want  for  nothing."  And  truly  every  moru- 
M.  Berthemie  and  I  received  a  comfortable  repast, 
he  church  having  become  necessary  to  the  garrison  to  serve  as  a 
^zine,  we  were  moved  on  the  25th  of  September,  1808,  to  a  Trinity 
,  called  the  Bouton  de  Rosas,  a  citadel  situated  on  a  little  mountain 
he  entrance  of  the  roads,  and  we  were  deposited  deep  under  ground, 
jre  the  light  of  day  did  not  penetrate  on  any  side.  We  did  not  long 
ain  in  this  infected  place;  not  because  they  had  pity  upon  us,  but 
ause  it  offered  shelter  for  a  part  of  the  garrison  attacked  by  the 
uch.  They  made  us  descend  by  night  to  the  edge  of  the  sea,  and 
1  transported  us  on  the  17th  of  October  to  the  port  of  Palamos. 
were  shut  up  in  a  hulk;  we  enjoyed,  however,  a  certain  degree  of 
rty;  they  allowed  us  to  go  on  land  and  to  parade  our  miseries  and 
rags  in  the  town.  It  was  there  that  I  made  the  Jicquaintance  of  tbe 
'ager  Duchess  of  Orleans,  mother  of  Louis  Phillippe.  She  had  left 
town  of  Figueras  where  she  resided,  because,  she  told  me,  thirty- 
bombs  sent  from  the  fortress  had  fallen  in  her  house.  She  was  then 
nding  to  take  refuge  in  Algiers,  and  she  asked  me  to  bring  the  cap- 
of  the  vessel  to  her,  of  whom,  perhaps,  she  would  have  to  implore 
tection.  I  related  to  my  ^^rats^^  the  misfortunes  of  the  princess;  he 
moved  by  them,  and  I  conducted  him  to  her.  On  entering  he  took 
lis  slippers  from  respect,  as  if  he  had  entered  within  a  mosque,  and 
ling  them  in  his  hand,  he  went  to  kiss  the  front  of  the  dress  of 
lame  d'Orleans.  The  princess  was  alarmed  at  the  sight  of  this  manly 
re,  wearing  the  longest  beard  I  ever  saw ;  she  quickly  recovered  her- 
,  and  the  interview  proceeded  with  a  mixture  of  French  politeness 
oriental  courtesy. 

he  sixty  francs  from  Bosas  were  expended.  Madame  d'Orleans 
Id  have  liked  much  to  assist  us,  but  she  was  herself  without  money, 
that  she  could  gratify  us  with  was  a  piece  of  sugar-bread.  The 
ling  of  our  visit  I  was  richer  than  the  princess.  To  avoid  the  fury 
;ho  people  the  Spanish  government  sent  those  French  who  had 
,ped  the  first  massacres  back  to  France  in  slight  boats.  One  of  the 
els  came  and  cast  anchor  by  the  side  of  our  hulk.  One  of  the  un- 
py  emigrants  offered  me  a  pinch  of  snuff.'  On  opening  the  snuff-box 
imd  there  ^^una  onza  de  oroj'^  (an  ounce  of  gold,)  the  sole  remains  of 
fortune.  I  returned  the  snuff-box  to  him,  with  warm  thanks,  after 
ing  shut  up  in  it  a  paper  containing  these  words:  "My  fellow-coun- 
Qon  who  carries  this  note  has  rendered  me  a  great  service;  treat 
as  one  of  your  children."  My  petition  was  naturally  favorably 
ived ;  it  was  by  this  bit  of  paper,  the  size  of  the  onza  de  oro,  that 
family  learnt  that  I  was  still  in  existence,  and  it  enabled  my  mother, 
odel  of  piety,  to  cease  saying  masses  for  the  repose  of  my  soul, 
ive  days  afterward,  one  of  my  hardy  compatriots  arrived  at  Pal- 
)S,  after  having  traversed  the  line  of  posts,  both  French  and  Spanish, 
rying  to  a  merchant  who  had  friends  at  Perpignan  the  \jroviosal  t^ 
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furnish  me  with  all  I  was  in  need  of.  The  Spaniard  showed  a  great 
inclination  to  agree  to  the  proposal ;  but  I  did  not  profit  by  Lis  good 
will,  because  of  the  occurrence  of  events  which  I  shall  relate  presently. 

The  observatory  at  Paris  is  very  near  the  barrier.    In  my  youth, 
curious  to  study  the  manners  of  the  people,  I  used  to  walk  in  sight  of 
the  public  houses,  which  the  desire  of  escaping  payment  of  the  dnty  has 
multiplied  outside  the  walls  of  the  capital.    On  these  excursions  I  was 
often  humiliated  to  see  men  disputing  for  a  piece  of  bread,*just  as  ani 
mals  might  have  done.    My  feelings  on  this  subject  have  very  much 
altered  since  I  have  been  personally  exposed  to  the  tortures  of  hunger. 
I  have  discovered,  in  fact,  that  a  man,  whatever  may  have  been  his 
origin,  his  education,  and  his  habits,  is  governed,  under  certain  circum- 
stances, much  more  by  his  stomach  than  by  his  intelligence  and  his 
heart.    Here  is  the  fact  which  suggested  these  reflections  to  me: 

To  celebrate  the  unhoped-for  arrival  of  una  onza  de  oro^  M.  Bertht^raie 
and  I  had  produced  an  immense  dish  of  potatoes.  The  ordnance  officer 
of  the  Emperor  was  already  devouring  it  with  his  eyes,  when  a  Moroccan^ 
who  was  making  his  ablutions  near  us  with  one  of  his  companions,  acci- 
dentally filled  it  with  dirt.  M.  Berth<^mie  could  not  control  his  anger, 
he  darted  upon  the  clumsy  Mussulman,  and  inflicted  upon  him  a  rough 
punishment. 

I  remained  a  passive  spectator  of  the  combat,  until  the  second  Moroc- 
can came  to  the  aid  of  his  compatiiot.  The  party  no  longer  being  equal, 
I  also  took  part  in  the  conflict,  by  seizing  the  new  assailant  by  the 
beard.  The  combat  ceased  at  once,  because  the  Moroccan  would  not 
raise  his  hand  against  a  man  who  could  write  a  petition  so  rapidly. 
This  conflict,  like  the  struggles  of  which  I  had  often  been  a  witness  out- 
side the  barriers  of  Paris,  had  originated  in  a  dish  of  potatoes. 

The  Spaniards  always  cherished  the  idea  that  the  ship  and. her  cargo 
might  be  confiscated;  a  commission  came  from  Girone  to  question  us. 
It  was  composed  of  two  civil  judges  and  one  inquisitor.  I  acted  as 
interpreter.  When  31.  Bertliemie's  turn  came,  I  went  to  fetch  him,  aud 
said  to  him,  ''  Pretend  that  you  can  only  talk  Styrian,  and  be  at  ease; 
1  will  not  compromise  you  in  translating  your  answers." 

It  was  done  as  we  had  agreed ;  unfortunately  the  language  spoken  by  M. 
Berth^mie  had  but  little  variety,  and  the  sacrement  dcr  Tciffclj  wliich  he 
had  learned  in  Germany,  when  he  was  aide-de-camp  to  Ilautpoul,  pre- 
dominated too  much  in  his  discourse.  Be  that  as  it  may,  the  judgesob- 
served  that  there  was  too  great  a  conformity  between  his  answers  and 
those  which  1  had  made  myself  to  render  it  necessary  to  continue  an  in 
terrogatory,  which  I  may  say,  by  the  way,  disturbed  me  much.  The  wish 
to  terminate  it  was  still  more  decided  on  the  part  of  the  judges,  when 
it  came  to  the  turn  of  a  sailor  named  Mehemet.  Instead  of  making  him 
swear  on  the  Koran  to  tell  the  truth,  the  judge  was  determined  to  make 
him  place  his  thumb  on  the  fore-finger  so  as  to  represent  the  cross.  I 
warned  him  that  great  offense  would  thus  be  given ;  and,  accordingly, 
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"^vhen  Mehemet  became  aware  of  the  meaning  of  this  sign,  he  began  to 
Spit  upon  it  with  inconceivable  violence.    The  meeting  ended  at  once. 

The  next  day  things  had  wholly  changed  their  appearance ;  one  of 
t.he  judges  from  Girone  came  to  declare  to  us  that  we  were  free  to  depart. 
»nd  to  go  with  our  ship  wherever  we  chose.  What  was  the  cause  of 
"^his  sudden  <»hange  t    It  was  this : 

During  our  quarantine  in  the  windmill  at  Rosas,  I  had  y^ritten,  in  the 
name  of  Captain  Braham,  a  letter  to  the  Dey  of  Algiers.  I  gave  him 
an  account  of  the  illegal  arrest  of  his  vessel,  and  of  the  death  of  one  of 
the  lions  which  the  Dey  had  sent  to  the  Emperor.  This  last  circum- 
stance transported  the  African  monarch  with  rage.  He  sent  immedi- 
ately for  the  Spanish  consul,  M.  Onis,  claimed  pecuniary  damages  for 
his  dear  lion,  and  threatened  war  if  his  ship  was  not  released  directly. 
Spain  had  then  to  do  with  too  many  difficulties  to  undertake  wantonly 
any  new  ones,  and  the  order  to  release  the  vessel  so  anxiousl}'  coveted 
arrived  at  Girone,  and  from  thence  at  Palamos. 

This  solution,  to  which  our  consul  at  Algiers,  M.  Dubois  Thainville, 
had  not  remained  inattentive,  reached  us  at  the  moment  when  we  least 
expected  it.  We  at  once  made  preparations  for  our  departure,  and  on 
the  28th  of  IS'ovember,  1808,  we  set  sail,  steering  for  Marseilles;  but,  as 
the  Mussulmen  on  board  the  vessel  declared,  it* was  written  above  that 
we  should  not  enter  that  town.  We  could  already  perceive  the  white 
buildings  which  crown  the  neighboring  hills  of  Marseilles,  when  a  gust 
of  the  "  mistral,''  of  great  violence,  sent  us  from  the  north  towards  the 
south. 

I  do  not  know  what  route  we  followed,  for  I  was  lying  in  my  cabin, 
overcome  with  sea-sickness ;  I  may,  therefore,  though  an  astronomer, 
avow  without  shame,  that  at  the  moment  when  our  unqualified  pilots 
supposed  themselves  to  be  off  the  Bal6ares,  we  landed,  on  the  5th  of 
December,  at  Bougie. 

There,  they  pretended  that  during  the  three  months  of  winter  all 
communication  with  Algiers,  by  means  of  the  little  boats  named  sandalisj 
would  be  impossible,  and  I  resigned  myself  to  the  painful  prospect  of  so 
long  a  stay  in  a  place  at  that  time  almost  a  desert.  One  evening  I  was 
making  these  sad  reflections  while  pacing  the  deck  of  the  vessel,  when 
a  shot  from  a  gun  on  the  coast  came  and  struck  the  side  planks  close  to 
which  I  was  passing.  This  suggested  to  me  the  thought  of  going  to 
Algiers  by  land. 

1  went  next  day,  accompanied  by  M.  Berth^mie  and  Captain  Spiro 
Calligero,  to  the  CaW  of  the  town :  "  I  wish,''  said  I  to  him,  "  to  go  to 
Algiers  by  land."  The  man,  quite  frightened,  exclaimed,  *^I  cannot 
allow  you  to  do  so;  you  would  certainly  be  killed  on  the  road;  your 
consul  would  make  a  complaint  to  the  Dey,  and  I  should  have  my  head 
cut  off." 

"  Fear  not  on  that  ground.    I  will  give  you  an  acquittance." 

12  8 
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It  was  immediately  drawu  up  iu  these  terms : 

"We,  the  undersigued,  certify  that  the  Ca'i'd  of  Boagie  wished  \a& 
suade  us  from  going  to  Algiers  by  land  j  that  he  has  assured  as  tbu 
we  shall  be  ma.ssacred  on  the  road ;  that  uotwitbstauding  his  r«pre«iit- 
ations,  reiterated  twenty  times,  we  b^ve  persisted  iu  our  pr&ject.  We 
beg  the  Algeriiio  authorities,  particularly  our  consul,  not  to  tnuke  bis 
responsible  for  this  event  if  it  should  occur.  Wo  ouce  more  repeat  tlul 
the  voyage  has  been  undertaken  against  his  wilL 

"ARAGO  AND  BEKTHfilOE.' 

Having  given  this  declaration  to  the  CaYd,  we  considered  onrselva 
quit  of  this  functionary ;  but  he  came  up  to  me,  undid,  without  saying 
a  word,  the  knot  of  my  cravat,  took  it  off,  and  put  it  into  bis  jwcket 
All  this  was  done  so  quickly  that  I  bad  not  time,  I  will  add  thai  L  bii 
not  even  the  wish,  to  reclaim  it. 

At  the  conclnsiou  of  this  audience,  which  had  terminated  ia  so  smgn- 
lar  a  manner,  we  made  a  bargain  with  a  Mahomedan  priiist,  who  procn- 
ised  to  conduct  us  to  Algiers  for  the  sum  of  twenty  ''piiistres  fortes" 
aud  a  red  mantle.  The  day  was  occupied  in  disguising  ourselves,  treS 
or  ill,  and  we  set  out  the  next  morniug,  accompanied  by  several  Moorisii 
sailors  belonging  to  the  crew  of  the  ship,  after  having  shown  the  Ma- 
homedan priest  that  wo  had  nothing  with  us  worth  a  sou,  so  that  if  we 
were  killed  on  the  road  he  would  inevitably  lose  all  reward. 

I  went,  at  the  last  moment,  to  make  my  bow  to  the  only  lion  that 
was  still  alive,  and  with  whom  I  had  lived  iu  very  good  harmony;  I 
wished  also  to  say  goodbye  to  the  monkeys,  who  during  nearly  five 
months  had  been  equally  my  companions  in  misfortune.*  These  mon- 
keys during  our  frightful  misery  had  icudered  us  a  service  whicli  1 
scarcely  dare  mention,  and  which  will  scarcely  be  guessed  by  tlie 
inhabitants  of  our  cities,  who  look  upon  these  animals  us  objects  of 
diversion  :  they  freed  us  from  the  vermin  which  infested  us,  and  shoired 
particularly  a  remarkable  cleverness  in  seeking  out  the  hideous  insects 
which  lodged  themselves  in  our  hair. 

Poor  animals!  they  seem  to  me  very  unfortunate  in  being  shut  npb 
the  narrow  inclosure  of  the  vessel,  when,  on  the  neighboring  coast,  otber 
monkeys,  as  if  to  bully  them,  came  ou  to  the  branches  of  the  trees, 
giving  innumerable  pioofs  of  their  agility. 

At  the  coiomencemeut  of  the  day,  we  saw  on  the  road  two  KabyU, 
similar  to  the  soldiers  of  Jugiirtha,  whoso  harsh  appearance  powerfullj 
allayed  our  fancy  for  wandering.  In  the  evening  we  witnessed  a  fearful 
tnmuitt  which  appeared  to  be  directed  against  us.     We  learnt  afterward 

*  Oil  my  return  to  Paris  I  liufiteuud  to  tbe  Junlin  ilus  Pluuteu  to  pa;  a  viiiit  to  Um 
lion,  but  hu  received  mo  with  a  very  uuami:Lblii  guaaliiog  of  tbo  teetli.  Tbink,  tbcD.of 
Ibi  iilarvcloua  biatory  of  the  Flureutiue  lion,  tbo  subjuct  of  so  oiaoy  cugravirgti 
ivIiIl'Ii  is  offered  on  the  atall  of  every  priut-seller  to  tbe  eyes  of  the  moved  uid  mUDI- 
filiutl  puaaeTB  by. 
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tliat  the  Mahomedau  priest  had  been  the  object  of  it ;  that  it  originated 
^vitli  some  Kabyls  whom  he  had  disarmed  on  one  of  their  journeys  to 
bougie.  This  incident,  which  appeared  likely  to  be  repeated,  inspired 
Xns  for  a  moment  with  the  thought  of  returning ;  but  the  sailors  were 
x^olute,  and  we  continued  our  hazardous  enterprise. 

lu  proportion  as  we  advanced,  our  troops  became  increased  by  a  cer- 
'tain  number  of  Kabyls,  who  wished  to  go  to  Algiers  to  work  there  in  the 
quality  of  seamen,  and  who  dared  not  undertake  alone  this  dangerous 
journey. 

The  third  day  we  encamped  in  the  open  air,  at  the  entrance  of  a  forest. 
The  Arabs  lighted  a  very  large  fire  in  the  form  of  a  circle,  and  placed 
themselves  in  the  middle.  Toward  eleven  o'clock  I  was  awakeued  by 
the  noise  which  the  mules  made,  all  trying.to  break  their  fastenings.  I 
asked  what  was  the  cause  of  this  disturbance.  They  answered  me  that 
a  "  sebdd^  had  come  roaming  in  the  neighborhood.  1  was  not  aware 
then  that  a  ^'eebdd^  was  a  lion,  and  I  went  to  sleep  again.  The  next 
day,  in  traversing  the  forest,  the  arrangement  of  the  caravan  was 
changed.  It  was  grouped  in  the  smallest  space  possible;  one  Kabyl 
was  at  the  head,  his  gun  ready  for  service;  another  was  in  the  rear,  in 
the  same  position.  I  inquired  of  the  owner  of  the  mule  the  cause  of 
these  unusual  precautions.  He  answered  me  that  they  were  dreading 
an  attack  from  a  ''  sebdd^^  and  that  if  this  should  occur,  one  of  us  would 
be  carried  off  without  having  time  to  put  himself  on  the  defensive.  "  I 
would  rather  be  a  spectator,''  I  said  to  him,  "  than  an  actor  in  the  scene 
you  describe;  consequently,  I  will  give  you  two  piastres  more  if  you 
will  keep  your  mule  always  in  the  center  of  the  moving  group."  My 
proposal  was  accepted.  It  was  then  for  the  first  time  that  I  saw  that 
my  Arab  carried  a  yatagan  under  his  tunic,  which  he  used  for  pricking 
on  the  mule  the  whole  time  that  we  were  in  the  thicket.  Superfluous 
cautions !    The  "  sehdd  "  did  not  show  himself. 

Each  village  being  a  little  republic,  whose  territory  we  could  not 
cross  without  obtaining  permission  and  a  passport  fi^om  the  Mahomedau 
priest  |)resi£Ze?if,  the  priest  who  conducted  our  caravan  used  to  leave  us 
in  the  fields,  and  went  sometimes  a  good  way  off  to  a  village  to  solicit 
the  permission,  without  which  it  would  have  been  dangerous  to  continue 
our  route.  He  remained  entire  hours  without  returning  to  us,  and  we 
then  had  occasion  to  reflect  sadly  on  the  imprudence  of  our  enterprise. 
We  generally  slept  among  habitations.  Once  we  found  the  streets 
of  a  village  barricaded,  because  they  were  fearing  an  attack  from  a 
neighboring  village.  The  foremost  man  of  our  caravan  removed  the 
obstucles ;  but  a  woman  came  out  of  her  house  like  a  fury,  and  belabored 
us  with  blows  from  a  pole.  We  remarked  that  she  was  fair,  of  brilliant 
whiteness,  and  very  pretty. 

Another  time  we  lay  down  in  a  lurking-place  dignified  by  the  beauti- 
tiful  name  of  Caravanseray.  In  the  morning,  when  the  sun  rose,  cries  of 
**  Roumi !  Roumi  I "  warned  us  that  we  had  been  discovered.    T\i^  ^laiAs^T^ 
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Mehemet,  he  who  figured  in  the  scene  of  the  oath  at  Palamos,  entered 
in  a  melancholy  mood  the  inclosure  where  we  were  together,  and  made 
us  understand  that  tbe  cries  of  "  Koumi !"  vociferated  under  these  cir- 
cumstances, were  equivalent  to  a  sentence  of  death.  "  Wait,''  said  he; 
"  a  means  of  saving  you  has  occurred  to  me."  Mehemet  entered  some 
moments  afterward,  told  us  that  his  means  had  succeeded,  and  invited 
me  to  join  the  Kabyls,  who  were  going  to  say  prayers. 

1  accordingly  went  out  and  prostrated  myself  toward  the  east.    1  imi- 
tated minutely  the  gestures  which  I  saw  made  around  me,  pronouncing 
the  sacred  words,  La  elah  il  Allah  I  oua  Maliommed  raQOul  Allah  I  It  Tfas 
the  scene  of  Mamaraouchi  of  the  "  Bourgeois  Gentilbomme,"  wbicli  I 
had  so  often  seen  acted  by  Dugazon,  with  this  one  difference,  that  this 
time  it  did  not  make  me  laugh.    I  was,  however,  ignorant  of  the  conse- 
q;iences  it  might  have  brought  upon  me  on  my  arrival  at  Algiers.    After 
having  made  the  profession  of  faith  before  Mahomedans,  Tliere  u  hut  ou 
Godj  arid  Mahomet  is  his  proplietj  if  I  had  been  informed  against  to  ik 
mufti,  I  must  inevitably  have  become  Mussulman,  and  they  would  not 
hav:  allowed  me  to  go  out  of  the  regency. 

I  Dust  not  forget  to  relate  by  what  means  Mehemet  had  saved  ns 
from  inevitable  death.  "  You  have  guessed  rightly,"  said  he  to  the 
Kabyls,  "  there  are  two  Christians  in  the  caravansary,  but  they  are 
Mahomedans  at  heart,  and  are  going  to  Algiers  to  be  adopted  by  tbe 
mufti  into  our  holy  religion.  You  will  not  doubt  this  when  I  tell  yon 
that  I  was  myself  a  slave  to  some  Christians,  and  that  they  redeemed 
me  with  their  money."  "  In  cha  Allah !"  they  exclaimed  with  one  voice. 
And  it  was  then  that  the  scene  took  place  which  I  have  just  described. 

We*  arrived  in  sight  of  Algiers  the  25th  December,  1808.  We  tpok 
leave  of  the  Arab  owners  of  our  mules,  who  walked  on  foot  by  the  side 
of  US,  and  we  spurred  them  on  in  order  to  reach  the  town  before  the 
closing  of  the  gates.  On  our  arrival  wo  learnt  that  the  Dey,  to  whom 
we  owed  our  first  deliverance,  had  been  beheaded.  The  guard  of  the 
palace  before  whiqh  we  passed  stopped  us  and  questioned  us  as  to 
whence  we  came.  We  replied  that  we  came  from  Bougie  by  land.  "It 
is  not  possible,"  exclaimed  all  the  janissaries  at  once,  "  the  Dey  him- 
self would  not  venture  to  undertake  such  a  journey."  "  We  acknowl- 
edge that  we  have  committed  a  great  imprudence,  that  we  would  not 
undertake  to  recommence  the  journey  for  millions;  but  the  fiict  th«^wc 
have  just  declared  is  the  strict  truth." 

Arrived  at  the  consular  house  we  were,  as  on  the  first  occasion,  very 
cordially  welcomed.  We  received  a  visit  from  a  dragoman  sent  by  the 
Dey,  who  asked  whether  we  persisted  in  maintaining  that  Bougie  had 
been  our  point  of  departure,  and  not  Cape  Matifou,  or  some  neighboring 
part.  We  again  affirmed  the  truth  of  our  recital  5  it  was  confirmed  the 
next  day  on  the  arrival  of  the  proprietors  of  our  mules. 

At  Palamos,  during  the  various  interviews  which  I  had  with  the  dow- 
ager  Duchess  of  Orleans^  one  c\tcam^\aiTV!(^  Vi^A  particularly  affected  me. 
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Tbe  princess  spoke  to  me  unceasingly  of  the  wish  she  had  to  go  and  re- 
join one  of  her  sons,  whom  she  believed  to  be  alive,  but  of  whose  death 
I  had  been  informed  by  a  person  belonging  to  her  household.  Hence  I 
^vas  anxious  to  do  all  that  lay  in  my  power  to  mitigate  a  sorrow  which 
she  must  experience  before  long. 

At  the  moment  when  I  quitted  Spain  for  Marseilles,  the  duchess  con- 
fided to  me  two  letters  which  I  was  to  forward  in  safety  to  their  ad- 
dresses. One  was  destined  for  the  Empress-mother  of  Eussia,  the  other 
for  tbe  Empress  of  Austria. 

Scarcely  had  I  arrived  at  Algiers  when  I  mentioned  these  two  letters 
to  M.  Dubois  Thainville,  and  begged  him  to  send  them  to  France  by  the 
first  opportunity.-   "  I  shall  do  nothing  of  the  sort,'^  he  at  once  answered, 
"  Do  you  know  that  you  have  behaved  in  this  affair  like  a  young  inex- 
penenced  man,  or  to  speak  out,  like  a  blunderer  f    I  am  surprised  that 
you  did  not  comprehend  that  the  Emperor,  with  his  pettish  spirit,  might 
take  this  much  amiss,  and  consider  you,  according  to  the  contents  of 
the  two  letters,  as  the  promoter  of  an  intrigue  in  favor  of  the  exiled 
family  of  the  Bourbons.'^    Thus  the  paternal  advice  of  the  French  con- 
sul taugL:  :r.e  that  in  all  that  regards  politics,  however  nearly  or  re- 
motely, bne  cannot  give  himself  up,  without  danger,  to  the  dictates  of 
the  heart  and  the  reason. 

I  inclosed  my  two  letters  in  an  envelope  bearing  the  address  of  a 
trustworthy  person,  and  gave  them  into  the  hands  of  a  corsair,  who, 
after  touching  at  Algiers,  would  proceed  to  France.  1  have  never  known 
whether  they  reached  their  destination. 

The  reigning  Dey,  successor  to  the  beheaded  Dey,  had  formerly  filled 
thQ  humble  oflSce  of  ^^Spileur^*  of  dead  bodies  in  the  mosques.  He  gov- 
erned the  regency  with  much  gentleness,  occupying  himself  with  little 
but  his  harem.  This  disgusted  those  who  had  raised  him  to  this  emi- 
nent post,  and  they  resolved  upon  getting  rid  of  him.  We  became 
aware  of  the  danger  which  menaced  him,  by  seeing  the  courts  and  ves- 
tibules of  the  consular  house  full,  according  to  the  custom  under  such 
circumstances,  of  Jews,  carrying  with  them  whatever  they  had  of  most 
value.  It  was  a  rule  at  Algiers  that  all  that  happened  in  the  interval 
comprised  between  the  death  of  a  Dey  and  the  installation  of  his  suc- 
cessor could  not  be  follow^ed  up  by  justice,  and  must  remain  unpunished. 
One  can  imagine,  then,  why  the  children  of  Moses  should  seek  safety  in 
the  consular  houses,  the  European  inhabitants  of  which  had  the  courage 
to  arm  themselves  for  self-defense  as  soon  as  the  danger  was  apparent, 
and  who,  moreover,  had  a  janissary  to  guard  them. 

While  the  unfortunate  Dey ''6pileur'' was  being  conducted  toward 
the  place  where  he  was  to  be  strangled,  he  heard  the  cannon  which  an- 
nounced his  death  and  the  installation  of  his  successor.  *'  They  are  in 
great  haste,"  said  he,  "  what  will  you  gain  by  carrying  matters  to  ex- 

•An  ^^  ^pilcur"  is  a  person  who  removes  8ui>erfluous  hairs.  We  have  bcea  auable  to 
ascertaiu  what  ofiQce  of  this  kind  is  performed  in  Mohamedan  fuiv^isX^. 
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tremitiesl  SendoietotbeLevaut;  IproiniaeyouDevertoretariL  Wlut 
have  you  to  reproacbme  with  I"  "With  nothing,"  answered  hiaescott, 
"  but  your  insignificance.  However,  a  man  cannot  live  as  a  mere  privjtt 
man,  after  having  been  Dey  of  Algiers."  And  the  unformnate  ma 
peri  abed  by  the  rope. 

The  communication  by  sea  between  Bongie  and  Algiers  was  not» 
difficult,  even  with  the  "  sandalas,"  as  the  Caid  of  the  former  town  wished 
to  assure  me.  Captain  Spiro  had  the  cases  landed  which  belongeil  to 
me.  The  Caid  Emoght  to  discover  what  they  contained;  and  h.iviiij 
perceived  through  a  chink  something  yellowish,  he  hastened  to  semi  tht 
news  to  the  Dey,  that  the  Frenchmen  who  had  come  to  Algiers  by  land 
had  among  their  baggage  cases  filled  with  zecbins,  destined  to  revoln- 
tionize  the  Kabylie.  They  immediately  hatl  these  cases  forwarded  to 
Algiers,  and  at  their  opening  before  the  minister  of  naval  affairs,  all  the 
phantasmagoria  of  zechins,  of  treasure,  of  revolution,  disappearfd  at 
the  sight  of  the  stands  and  the  limbs  of  several  repeating  circles  in 
copper. 

We  are  now  going  to  sojourn  several  months  in  Algiers.  I  will  tate 
advantage  of  this  to  put  together  some  details  of  manner;*,  \rhieh  mat 
be  interesting  as  the  picture  of  a  state  of  things  anterior  to  that  of  tie 
occupation  of  the  regency  by  the  French.  This  occupation,  it  most  be 
remarked,  has  already  fundamentally  altered  the  manners  and  the 
habits  of  the  Algerine  population. 

I  am  about  to  report  a  curious  fact,  and  one  which  shows  that  politics, 
which  insinuate  themselves  and  bring  discord  into  the  bosom  of  tlK 
most  united  families,  had  succeeded,  strange  to  say,  in  penetrating  sa 
far  as  the  galley-slaves'  prison  at  Algiers.  The  slaves  belonged  to  tluw 
nations ;  there  were  in  1809  in  this  prison,  Portuguese,  Keapolitans,  and 
SicUians;  among  these  two  latter  classes  were  counted  partisans  of 
Mnrat  and  those  of  Ferdinand  of  Naples.  One  day,  at  the  beginning  of 
the  year,  a  dragoman  came  in  the  name  of  the  Dey  to  beg  M.  Doboij 
Thainville  to  go  without  delay  to  the  prison,  where  the  friends  of  tha 
French  and  their  adversaries  had  involved  themselves  in  a  foriou 
combat;  and  already  several  had  fallen.  The  weapon  with  which  tbtj 
struck  each  other  was  the  bcilvy  long  chain  attached  to  their  legs. 

Each  consul,  as  I  said  above,  had  a  janissary  placed  with  him  as  his 
guard ;  the  one  belonging  to  the  French  consul  was  a  Candiote ;  he  had 
been  surnamed  The  Terror.  Whenever  some  news  unfavorable  to  Frauce 
was  announced  in  the  cafes,  he  came  to  the  consulate  to  inform  himstlf 
as  to  the  reality  of  the  fact;  and  when  we  told  him  that  the  other  jauis- 
saries  had  propagated  false  news,  he  returned  to  them,  and  there,  yata 
gan  in  hand,  he  declared  himself  ready  to  enter  the  lists  in  combat 
against  those  who  should  still  maintain  the  truth  of  the  news.    As  tlicM 

'tinual  threats  might  endanger  him  (for  they  had  no  support  bevond 

"lere  animal  courage)  we  had  wished  to  render  him  expert  in  the 

ing  of  arms  by  giving  him  some  lessons  in  fencing ;  but  he  coald 
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not  endare  the  idea  that  Christians  should  tou(  h  him  at  every  turn  with 
foils ;  he  therefore  proposed  to  substitute  for  the  simulated  duel  a  real 
combat  with  the  yatagan. 

One  may  gain  an  exact  idea  of  this  savage  nature  when  I  mention 
that,  having  one  day  heard  a  pistol-shot,  the  sound  of  which  proceeded 
from  his  room,  people  ran  and  found  him  bathed  in  his  blood;  he  had 
just  shot  ofi'  a  ball  into  his  arm  to  cure  himself  of  a  rheumatic  pain. 

Seeing  with  what  facility  the  Deys  disappeared,  I  said  one  day  to  our 
janissary,  "  With  this  prospect  before  your  eyes,  would  you  consent  to 
become  Dey  t "  "  Yes,  doubtless,'^  answered  he.  "  You  seem  to  count 
as  nothing  the  pleasure  of  doing  all  that  one  likes,  if  only  even  for  a 
single  day  I'' 

When  we  wished  to  take  a  turn  in  the  town  of  Algiers,  we  generally 
took  care  to  be  escorted  by  the  janissary  attached  to  the  con- 
sular bouse ;  it  was  the  only  means  of  escaping  insults,  aflEronts,  and 
even  acts  of  violence.  I  have  just  said  it  was  the  only  means.  I  made 
a  mistake;  there  was  one  other;  that  was,  to  go  in  the  company  of  a 
French  "lazarist'^  of  seventy  years  of  age,  and  whose  name,  if  my 
memory  serves  me,  was  Father  Joshua ;  he  had  lived  in  this  country 
for  a  half  a  century.  This  man,  of  exemplary  virtue,  had  devoted  him- 
self with  admirable  self-denial  to  the  service  of  the  slaves  of  the  regency, 
and  had  divested  himself  of  all  considerations  of  nationality;  the  Portu- 
guese, Neapolitans,  Sicilians,  all  were  equally  his  brethren. 

In  the  times  of  plague  he  was  seen  day  and  night  carrying  eager  help 
to  the  Mussulmans;  thus  his  virtue  had  conquered  even  religious 
hatreds ;  and  wherever  he  passed  be  and  the  persons  who  might  accom- 
pany him  received  from  multitudes  of  the  i)eople,  from  the  janissaries, 
and  even  from  the  officials  of  the  mosques,  the  most  respectful  saluta- 
tions. 

During  our  long  hours  of  sailing  on  board  the  Algerine  vessel,  and 
our  compulsory  stay  in  the  prisons  at  Eosas,  and  on  the  hulk  at  Palamos, 
I  gathei'ed  some  ideas  as  to  the  interior  life  of  the  Moors  or  the  Coulougous, 
which,  even  now  when  Algiers  has  fallen  under  the  dominion  of  France, 
would,  perhaps,  be  yet  worth  preserving.  I  shall,  however,  confme 
myself  to  recounting,  nearly  word  for  word,  a  conversation  which  1  had 
with  Rai's  Braham,  whose  father  was  a  "  Turcfin^  that  is  to  say,  a  Turk 
born  in  the  Levant. 

'*  How  is  it  that  you  consent,''  said  I  to  him,  "  to  marry  a  young  girl 
whom  you  have  never  seen,  and  find  in  her,  perhaps,  an  excessively 
ugly  woman,  instead  of  the  beauty  whom  yon  had  fancied  to  yourself!'' 

"We  never  marry  without  having  obtained  information  from  the 
women  who  serve  in  the  capacity  of  servants  at  the  public  baths.  The 
Jewesses  are,  moreover,  in  these  cases  very  useful  go-betweens." 

'^How  many  legitimate  wives  have  you  ?" 

"  I  have  four — that  is  to  say,  the  number  authorized  by  the  Koran." 

"  Do  they  live  together  on  a  good  understanding  f " 
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*^Ali,  sir,  my  house  is  a  hell.  I  Dever  enter  it  without  finding  them 
at  the  step  of  the  door,  or  at  the  bottom  of  the  stairs ;  then  each  wauu 
to  be  the  first  to  make  me  listen  to  the  complaints  which  she  has  tu 
bring  against  her  companions.  I  am  about  to  utter  blasphemy,  but  1 
think  that  our  holy  religion  ought  to  prohibit  a  plurality  of  wives  to 
those  who  are  not  rich  eno.ugh  to  give  to  each  a  separate  habitation? 

^'  But  since  the  Koran  allows  you  to  repudiate  even  legitimate  wivea, 
why  do  you  not  send  back  three  of  them  to  their  parents  f^' 

"Why?  Beoause  that  would  ruin  me.  On  the  day  of  the  marriage 
the  father  of  the  young  woman  to  be  married  stipulates  for  a  dowry,  and 
the  half  of  it  is  paid.  The  other  half  may  be  exacted  the  day  that  the 
woman  is  repudiated.  It  would  then  be  three  half-dowries  that  1  should 
have  to  pay  if  I  sent  back  three  of  my  wives.  I  ought,  however,  to 
rectify  one  inaccuracy  iu  what  I  said  just  now,  that  my  four  wives  had 
never  agreed  together.  Once  they  were  agreed  among  themselves  in 
the  feeling  of  a  common  hatred.  In  going  through  the  market  I  had 
bought  a  young  negress.  In  the  evening,  when  I  retired  to  rest,  I  per- 
ceived that  my  wives  had  prepared  no  bed  for  her,  and  that  the  unfor- 
tunate girl  was  extended  on  the  ground.  I  rolled  up  my  trowsers  and 
laid  them  under  her  head  as  a  kind  of  pillow.  In  the  morning  the 
distracting  cries  of  the  poor  slave  made  me  run  to  her,  and  I  found  her 
nearly  sinking  under  the  blows  of  my  four  wives ;  for  once  they  under- 
stood each  other  marvelously  well." 

In  February,  1809,  the  new  Dey,  the  successor  of  the  "  6pilear,"  a 
short  time  after  having  entered  on  his  functions,  claimed  from  two  to  three 
hundred  thousand  francs — I  do  not  remember  exactly  the  sum — which  he 
pretended  was  due  to  him  from  the  French  government.  M.  Dubois 
Thainville  answered  that  he  had  received  the  Emperor's  orders  not  to 
pay  one  centime. 

The  Dey  was  furious,  and  decided  upon  declaring  war  against  us.  A 
declaration  of  war  at  Algiers  used  to  be  immediately  followed  by  putting 
all  the  persons  of  other  nations  into  prison.  This  time  matters  were  not 
pushed  to  this  extreme  limit.  Our  names  might  be  figuring  on  the  list 
of  the  slaves  of  the  regency;  but,  in  fact,  so  far  as  I  was  concerned,  I 
remained  free  in  the  consular  house.  By  means  of  a  pecuniary  guaran- 
tee, contracted  with  the  Swedish  consul,  M.  Norderling,  I  was  even 
permitted  to  live  at  his  country-house,  situated  near  the  Emperor's 
fort. 

The  most  insignificant  event  was  sufficient  to  modify  the  ideas  of 
these  barbarians.  I  had^come  into  the  town  one  day,  and  was  seated 
at  table  at  M.  Dubois  Thainville's,  when  the  English  consul,  Mr.  Blank- 
ley,  arrived  in  great  haste,  announcing  to  our  consul  the  entrance  into 
the  i)ort  of  a  French  prize.  "  I  never  will  uselessl}^  add,"  said  he,  gen- 
erously, ^' to  the  severities  of  war;  I  came  to  announce  to  you,  my  col- 
league, that  I  will  give  up  your  prisoners  on  a  receipt  which  will  insiure 
me  tbe  deliverance  of  an  equal  number  of  Englishmen  detained  in 
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"rauce."  "I  tbauk  you,"  answered  M.  Dubois  Thainville ;  "but  I  do 
ot  the  less  deplore  this  event  that  it  will*  retard,  indefinitely  perhaps, 
tie  settlement  of  the  account  in  which  I  am  engaged  with  the  Dey.'' 

During  this  conversation,  armed  with  a  telescope,  I  was  looking 
lirough  the  window  of  the  dining-room,  trying  to  persuade  myself  at 
»ast  that  the  captured  vessel  was  not  one  of  much  importance.  But 
ne  must  yield  to  evidence.  It  was  pierced  for  a  great  number  of  guns. 
lU  at  once,  the  wind  having  displayed  the  flags,  I  perceived  with  snr.- 
rise  the  French  flag  over  the  English  flag.  I  communicated  what  1 
bserved  to  Mr.  Blankley.  He  answered  immediately,  "  You  do  not 
arely  pretend  to  observe  better  with  your  bad  telescope  than  I  did  with 
ly  Bolland  f " 

"And  you  cannot  pretend,"  said  I  to  him  in  my  turn,  "  to  see  better 
liau  an  astronomer  by  profession  ?  I  am  sure  of  my  fact.  I  beg  M. 
'hainville's  i^ermission,  and  will  go  this  instant  to  visit  this  mysterious 
irize.^' 

Ln  short,  I  went  there ;  and  this  is  what  I  learnt : 

Greneral  Duhesme,  Governor  of  Barcelona,  wishing  to  rid  himself  of 
he  most  ill-disciplined  portion  of  his  garrison,  formed  the  principal  part 
uto  the  crew  of  a  vessel,  the  command  of  which  he  gave  to  a  lieutenant 
»f  Babastro,  a  celebrated  corsair  of  the  Mediterranean.   . 

There  were  among  these  improvised  seamen  a  hussar,  a  dragoon,  two 
'eterans,  a  miner  with  his  long  beard,  &c.  The  vessel,  leaving  Bar. 
^lona  by  night,  escaped  the  English  cruiser,  and  got  to  the  entrance 
>f  Port  Mahon.  An  English  "lettre  de  marque  ^  was  coming  out  of  the 
)ort.  The  crew  of  the  French  vessel  boarded  her ;  and  a  furious  com- 
>at  on  the  deck  ensued,  in  which  the  French  got  the  upper-hand.  It 
^as  this  "lettre  de  marque"  which  had  now  arrived  at  Algiers. 

Invested  with  full  power  by  M.  Dubois  Thainville,  I  announced  to  the 
msoners  that  they  were  about  to  be  immediately  given  up  to  their 
x>nsul.  I  respected  even  the  trick  of  the  captain,  who,  wounded  by 
«veral  saber  cuts,  had  contrived  to  cover  up  his  head  with  his  principal 
lag.  I  reassured  his  wife;  but  my  chief  care  was  especially  devoted  to 
ir  passenger  whom  I  saw,  with  one  arm  amputated. 

"  Where  is  the  surgeon,"  I  said  to  him,  *'  who  operated  on  you  t" 

"  It  was  not  our  surgeon,"  he  answered.  "  He  basely  fled  with  a  part 
)f  the  crew,  and  saved  himself  on  land." 

"  Who,  then,  cut  off  your  arm  ?  " 

"  It  was  the  hussar  whom  you  see  here." 

"  Unhappy  man!  I  exclaimed,  "  what  could  lead  you,  when  it  was  not 
rour  profession,  to  perform  this  operation!" 

"  The  pressing  request  of  the  wounded  man.  His  arm  had  already 
jwollen  to  an  enormous  size.  He  wanted  some  one  to  cut  it  off  lor  him 
mth  a  blow  of  a  hatchet.  I  told  him  that  in  Egjpt,  when  I  was  in  hos- 
pital, I  had  seen  several  amputations  made;  that  I  would  imitate  what 
L  had  seen,  and  might  perhaps  succeed     That  at  any  rate  it  would  be 


186  AUTOBIOGRAPHY  OF  FRANCIS  ARAOO. 

better  than  the  blow  of  a  hatchet.    All  was  agreed ;  I  armed  myself  witli 
the  carpenter's  saw,  and  the  operation  was  done." 

I  went  off  immediately  to  the  American  consul  to  claim  the  assistance 
of  the  only  surgeon  worthy  of  confidence  who  was  then  in  Algiers.  Mr. 
Triplet — I  think  I  recollect  that  that  was  the  name  of  the  man  of  the 
distinguished  art  whose  aid  I  invoked — came  at  once  on  board  the  ves- 
sel, examined  the  dressing  of  the  wound,  and  declared,  to  my  very  lively 
satisfaction,  that  all  was  going  on  well,  and  that  the  Englishman  wonld 
survive  his  horrible  injury. 

The  same  day  we  had  the  wounded  men  carried  on  litters  to  Mr. 
Blankley's  house ;  this  operation,  executed  with  somewhat  of  ceremony, 
modified,  though  slightly,  the  feelings  of  the  Dey  in  our  favor,  and  his 
sentiments  became  yet  more  favorable  toward  us  in  consequence  of 
another  maritime  occurrence,  although  a  very  insignificant  one. 

One  day  a  corvette  was  seen  in  the  horizon  armed  with  a  very  great 
number  of  guns,  and  shaping  her  way  toward  the  port  of  Algiers ;  there 
appeared  immediately  after  an  English  brig  of  war  in  full  sail ;  a  combat 
was,  therefore,  expected,  and  all  the  terraces  of  the  town  were  covered  with 
spectators.  The  brig  appeared  to  be  the  best  sailer,  and  seemed  to  us 
likely  to  reach  the  corvette,  but  the  latter  tacked  about,  and  seemed 
desirous  to  engage  in  battle;  the  English  vessel  fled  before  her;  the 
corvette  tacked  about  the  second  time,  and  again  directed  her  course 
toward  Algiers,  where,  one  would  have  supposed,  she  had  some  special 
mission  to  execute.  The  brig  in  her  turn  now  changed  her  course,  bat 
held  herself  constantly  beyond  the  reach  of.  shot  from  the  corvette;  at 
last  the  two  vessels  arrived  in  succession  in  the  port,  and  cast  anchor,  to 
the  lively  disappointment  of  the  Algerine  population,  who  had  hoped  to 
be  present  without  danger  at  a  maritime  combat  between  the  "Christian 
dogs,"  belonging  to  two  nations  equally  detested  in  a  religious  point  of 
view ;  but  shouts  of  laughter  could  not  be  repressed  when  it  was  seen 
that  the  corvette  was  a  merchant  vessel,  and  that  she  was  only  armed 
with  wooden  imitations  of  cannon.  It  was  said  in  the  town  that  the 
English  sailors  were  furious,  and  had  been  on  the  point  of  mutiny  against 
their  too  prudent  captain. 

I  have  very  little  to  tell  in  favor  of  the  Algerines ;  hence  I  must  do  an 
act  of  justice  by  mentioning  that  the  corvette  departed  the  next  day  for 
the  Antilles,  her  destination,  and  that  the  brig  was  not  i)ermitted  to  set 
sail  until  the  next  day  but  one. 

Bakri  often  came  to  the  French  consulate  to  talk  of  our  afifairs  with 
M.  Dubois  Thainville.  "  What  can  you  wantT'  said  the  latter ;  "you  are 
an  Algerine ;  you  will  be  the  first  victim  of  the  Dey's  obstinacy.  I  have 
already  written  to  Livorno  that  your  families  and  your  goods  arc  to  be 
seized.  When  the  vessels  laden  with  cotton,  which  you  have  in  this 
port,  arrive  at  Marseilles,  they  will  be  immediately  confiscated ;  it  is  for 
you  to  judge  whether  it  would  not  better  suit  you  to  pay  the  sum  which 
the  Dey  claims  than  to  expose  yourself  to  tenfold  and  certain  loss." 
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Such  reasoning  was  unanswerable;  and  whatever  it  might  cost  him^ 
Bakri  decided  on  paying  the  sum  that  was  demanded  of  France. 

Permission  to  depart  was  immediately  gi*anted  to  us ;  1  embarked  the 
21st  of  June,  1809,  on  board  a  vessel  in  which  M.  Dubois  Thainville  and 
his  family  were  passengers. 

The  evening  before  our  departure  from  Algiers,  a  corsair  deposited  at 
the  consul's  the  Majorcan  mail,  which  he  had  taken  from  a  vessel  which 
he  had  captured.  It  was  a  complete  collection  of  the  letters  which  the 
inhabitants  of  the  Baldares  had  been  writing  to  their  friends  on  the 
Continent. 

**Look  here,"  said  M.  Dubois  Thainville  to  me,  "  here  is  something  to 
amuse  you  during  the  voyage,  you  who  generally  keep  your  room  from 
sea-sickness;  break  the  seals  and  read  all  these  letters,  and  see  whether 
they  contain  any  accounts  by  whicli  we  might  profit  how  to  aid  the  un- 
happy soldiers  who  are  dying  of  misery  and  despair  in  the  little  island 
of  Cabrera." 

Scarcely  had  we  arrived  on  board  the  vessel,  when  I  set  myself  to 
the  work,  and  acted  without  scruple  or  remorse  the  part  of  an  official 
of  the  black  chamber,  with  this  sole  difference,  that  the  letters  were 
unsealed  without  taking  any  precautions.  I  found  among  them  several 
dispatches  in  which  Admiral  Collingwood  signified  to  the  Spanish  gov- 
ernment the  ease  with  which  the  prisoners  might  be  delivered.  Imme- 
diately on  our  arrival  at  Marseilles  these  letters  were  sent  to  the  minis- 
ter of  naval  affairs,  wlio,  I  believe,  did  not  pay  much  attention  to  them. 

I  knew  almost  every  one  at  Palma,  the  capital  of  Majorca.  I  leave  it 
to  be  imagined  with  what  curiosity  I  read  the  missives  in  which  the 
beautiful  ladies  of  the  town  expressed  their  hatred  against  los  malditoa 
cavachios,  (French,)  whose  presence  in  Spain  had  rendered  necessary 
the  departure  for  the  Continent  of  a  magnificent  regiment  of  hussars ; 
how  many  persons  might  I  not  have  embroiled,  if  under  a  mask  I  had 
found  myself  with  them  at  the  opera  ball ! 

Many  of  the  letters  made  mention  of  me,  and  were  particularly  inter- 
esting to  me ;  I  was  sure  in  this  instance  there  was  nothing  to  constrain 
the  frankness  of  those  who  had  written  them.  It  is  an  advantage  which 
few  people  can  boast  having  enjoyed  to  the  same  degree. 

The  vessel  in  which  I  was,  although  laden  with  bales  of  cotton,  had 
some  corsair  papers  of  the  regency,  and  was  the  reputed  escort  of  three 
richly  laden  merchant  vessels  which  were  going  to  France. 

We  were  off  Marseilles  on  the  1st  of  July,  when  an  English  frigate 
came  to  stop  our  passage :  "  I  will  not  take  you,"  said  the  English  cap- 
tain, *'  but  you  will  go  towards  the  Hyferes  Islands,  and  Admiral  Colling- 
wood will  decide  on  your  fate." 

"  I  have  received,"  answered  the  Barbary  captain,  "  an  express  com- 
mission to  conduct  these  vessels  to  Marseilles,  and  I  will  execute  it." 

'^You,  individually,  can  do  what  may  seem  to  you  best,"  answered  the 
Englishman ;  ''  as  to  the  merchant  vessels  under  your  escort,  they  will 
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be,  I  repeat  to  you,  taken  to  Admiral  Collingwood."    And  he  imintdi- 
ately  gave  orders  to  those  vessels  to  set  sail  to  the  east. 

The  frigate  had  already  gone  a  little  distance  when  she  perceived 
that  we  were  steering  toward  Marseilles.  Having  then  learnt  from  the 
crews  of  the  merchant  vessels  that  we  were  ourselves  laden  \vith  cotton, 
she  tacked  about  to  seize  us. 

She  was  very  near  reaching  us,  when  we  were  enabled  to  enter  the 
port  of  the  little  island  of  Pomfegue.  In  the  night  she  put  her  boats  to 
sea  to  try  to  carry  us  off;  but  the  enterprise  was  too  perilous,  and  she 
did  not  dare  attempt  it. 

The  next  morning,  2d  of  July,  1809, 1  disembarked  at  the  lazaretto. 

At  the  present  day  they  go  from  Algiers  to  Marseilles  in  four  days; 
it  had  tak^n  me  eleven  months  to  make  the  same  voyage.  It  is  troe 
that  here  and  there  I  had  made  involuntary  sojourns. 

My  letters  sent  from  the  lazaretto  at  Marseilles  were  considered  by 
my  relatives  and  friends  as  certificates  of  resurrection,  they  having  for 
a  long  time  past  supposed  me  dead.  A  great  geometer  had  even  pro- 
posed to  the  Bureau  of  Longitude  no  longer  to  pay  my  allowance  to  mj 
authorized  representative ;  which  appears  the  more  cruel  inasmuch  as 
this  representative  was  my  father. 

The  first  letter  which  I  received  from  Paris  was  full  of  sympathy  and 
congratulations  on  the  termination  of  my  laborious  and  perilous  adven- 
tures ;  it  was  from  a  man  already  in  possession  of  an  European  reputa- 
tion, but  whom  I  had  never  seen:  M.  de  Humboldt,  after  what  be  had 
heard  of  my  misfortunes,  offered  me  his  friendship.  Such  was  the  first 
origin  of  a  connection  which  dates  from  nearly  forty-two  years  back, 
without  a  single  cloud  ever  having  troubled  it. 

M.  Dubois  Thainville  had  numerous  acquaintances  in  Marseilles;  his 
wife  was  a  native  of  that  town,  and  her  family  resided  there.  They 
received,  therefore,  both  of  them,  numerous  visits  in  the  parlor  of  the 
lazaretto.  The  bell  which  summoned  them,  for  me  alone  was  dumb; 
and  I  remained  as  solitary  and  forsaken,  at  the  gates  of  a  town 
peopled  with  a  hundred  thousand  of  my  countrymen,  as  if  I  had  been 
in  the  heart  of  Africa.  One  ,day,  however,  the  parlor  bell  rang  three 
times,  (the  number  of  times  corresponding  to  the  number  of  my  room ;) 
I  thought  it  must  be  a  mistake ;  I  did  not,  however,  allow  this  to  appear. 
I  traversed  proudly  under  the  escort  of  my  guard  of  health  the  long 
space  which  separates  the  lazaretto,  properly  so  called,  from  the  parlor, 
and  there  I  found,  with  very  lively  satisfaction,  M.  Pons,  the  director 
of  the  observatory  at  Marseilles,  and  the  most  celebrated  discoverer  of 
comets  of  whom  the  annals  of  astronomy  have  ever  had  to  register  the 
success. 

At  any  time  a  visit  from  Ihe  excellent  M.  Pons,  whom  I  have  since 
seen  director  of  the  observatory  at  Florence,  would  have  been  very 
agreeable  to  me;  but  during  my  quarantine  I  felt  it  unapprecijrt)ly 
valuable.    It  proved  to  me  that  I  had  returned  to  my  native  soil. 
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Two  or  three  days  before  our  admission  to  freedom,  we  experienced  a 
loss  which  was  deeply  felt  by  each  of  us.  To  pass  away  the  heavy  time 
of  a  severe  quarantine,  tbe  little  Algerine  colony  was  in  tbe  habit  of 
going  to  an  ihclosure  near  the  lazaretto,  where  a  very  beautiful  gazelle, 
belonging  to'  M.  Dubois  Thainville,  was  confined ;  she  bounded  about 
there  in  full  liberty  with  a  grace  which  excited  our  admiration.  One  of 
BS  endeavored  to  stop  this  elegant  animal  in  her  course ;  he  seized  her 
unluckily  b}'  tbe  leg,  and  broke  it.  We  all  ran,  but  only,  alas !  to  wit- 
ness a  scene  which  excited  the  deepest  emotion  in  us. 

The  gazelle,  lying  on  her  side,  raised  her  head  sadly  5  her  beautiful 
eyes  (the  eyes  of  a  gazelle !)  shed  torrents  of  tears ;  no  cry  of  complaint 
escaped  her  mouth ;  she  produced  that  effect  upon  us  which  is  always 
felt  when  a  person  who  is  suddenly  struck  by  an  irreparable  misfortune, 
resigns  himself  to  it,  and  shows  his  profound  anguish  only  by  silent 
tears. 

Having  ended  my  quarantine,  I  went  at  once  to  Perpignan,  to  the 
bosom  of  my  family,  where  my  mother,  the  most  excellent  and  pious  of 
women,  caused  numerous  masses  to-be  said  to  celebrate  my  return,  as 
she  had  done  before  to  pray  for  the  repose  of  my  soul,  when  she  thought 
that  I  had  fallen  under  the  daggers  of  the  Spaniards.  But  1  soon  quit- 
ted my  native  town  to  return  to  Paris ;  and  I  deposited  at  the  Bureau 
of  Longitude  and  the  Academy  of  Sciences  my  observations,  which  1  had 
succeeded  in  preserving  amidst  the  perils  and  tribulations  of  my  long 
campaign. 

A  few  days  after  my  arrival,  on  the  18th  of  September,  1809, 1  was 
nominated  an  academician  in  the  place  of  Lalande.  There  were  fifty- 
two  voters;  I  obtained  forty  seyen  voices,  M.  Poisson  four,  and  M.  Nouet 
one.    I  was  then  twenty-three  years  of  age. 

A  nomination  made  with  such  a  majority  would  appear,  at  first  sight, 
as  if  it  would  give  rise  to  no  serious  difficulties  5  but  it  proved  otherwise. 
The  intervention  of  M.  de  Laplace,  before  the  day  of  ballot,  was  active 
and  incessant  to  have  my  admission  postponed  until  the  time  when  a 
vacancy,  occurring  in  the  geometry  section,  might  enable  the  learned 
assembly  to  nominate  M.  Poisson  at  the  same  time  as  me.  The  author 
of  the  Mecanique  Celeste  had  vowed  to  the  young  geometer  an  unbounded 
attachment,  completely  justified,  certainly,  by  the  beautiful  researches 
which  science  already  owed  to  him.  M.  de  Laplace  could  not  support 
the  idea  that  a  young  astronomer,  younggr  by  five  years  than  M.  Poisson, 
a  pupil,  in  the  presence  of  his  professor  at  the  Polytechnic  School,  should 
become  an  academician  before  him.  He  proposed  to  me,  therefore,  to 
write  to  tbe  Academy  that  I  would  not  stand  for  election  until  there  should 
be  a  second  place  to  give  to  Poisson.  I  answered  by  a  formal  refusal, 
and  giving  my  reasons  in  these  terms :  "I  care  little  to  be  nominated  at 
this  moment.  I  have  decided  upon  leaving  shortly  with  M.  de  Humboldt 
for  Thibet.  In  those  savage  regions  the  title  of  member  of  the  Institute 
will  not  smooth  the  difficulties  which  we  shall  have  to  eucounter.    Biit 
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I  would  not  be  guilty  of  auy  rudeness  toward  the  Aca<lemy.  If  they 
were  to  receive  the  declaration  for  which  I  am  asked,  would  not  the 
savans  who  composed  this  illustrious  body  have  a  right  to  say  to  me: 
"How  are  you  certain  that  we  have  thought  of  you!  You  refuse  what 
has  not  yet  been  offered  to  you.'" 

On  seeing  my  firm  resolution  not  to  lend  myself  to  the  inconsiderate 
course  which  he  had  advised  me  to  follow,  M.  de  Laplace  went  to  work 
in  another  way :  he  maintained  that  I  had  not  sujQ&cient  distinction  for 
admission  into  the  Academy.  I  do  not  pretend  that,  at  the  age  of 
three-and-twenty,  my  scientific  attainments  were  very  considerable,  if 
estimated  in  an  absolute  manner ;  but  when  I  judged  by  comparison,  I 
regained  courage,  especially  on  considering  that  the  three  last  years  of 
my  life  had  been  consecrated  to  the  measuiement  of  an  arc  of  the  meri- 
dian in  a  foreign  country;  that  they  were  passed  amid  the  storms  of  the 
war  with  Spain ;  often  enough  in  dungeons,  or,  what  was  yet  worse,  in 
the  mountains  of  Kabylia,  and  at  Algiers,  at  that  time  a  very  dangerooB 
residence. 

Here  is,  therefore,  my  statement  of  accounts  for  that  epoch.  I  make 
it  over  to  the  impartial  appreciation  of  the  reader : 

On  leaving  the  Polytechnic  School,  I  had  made,  in  conjunction  with 
M.  Biot,  an  extensive  and  very  minute  research  on  the  determination  of 
the  coefficient  of  the  tables  of  atmospheric  refraction. 

We  had  also  measured  the  refraction  of  different  gases,  which,  up  to 
that  time,  had  not  been  attempted. 

A  determination,  more  exact  than  had  been  previously  obtained,  of 
the  relation  of  the  weight  of  air  to  the  weight  of  mercury,  had  furaished 
a  direct  value  of  the  coefficient  of  the  barometrical  formula  which  served 
for  the  calculation  of  the  heights. 

1  had  contributed,  in  a  regular  and  very  assiduous  manner,  during 
nearly  two  years,  to  the  observations  which  were  made  day  and  night 
with  the  transit  telescope  and  with  the  mural  quadrant  at  the  'Paris 
Observatory. 

I  had  undertaken,  in  conjunction  with  M.  Bouvard,  the  observations 
relating  to  the  verification  of  the  laws  of  the  moon's  libration.  All  the 
calculations  were  prepared  j  it  only  remained  for  me  to  put  the  numbers 
into  the  formulae,  when  I  was,  by  order  of  the  Bureau  of  Longitude, 
obliged  to  leave  Paris  for  Spain.  I  had  observed  various  comets,  and 
calculated  their  orbits.  I  had,  Jn  concert  with  M.  Bouvard,  calculated, 
according  to  Laplace's  formula,  the  table  of  refraction  which  has  been 
published  in  the  Recueil  des  Tables  of  the  Bureau  of  Longitude,  and  in 
the  Cannaissance  des  Tenips,  A  research  on  the  velocity  of  light,  made 
with  a  prism  placed  before  the  object  end  of  the  telescope  of  the  miu^ 
circle,  had  proved  that  the  same  tables  of  refraction  might  serve  for  the 
sun  and  all  the  stars. 

Finally,  1  had  just  terminated,  under  very  difficult  circumstances,  the 
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graudest  triangulation  which  had  ever  been  achieved,  to  prolong  the 
meridian  line  from  France  as  far  as  the  Island  of  Formentera. 

M.  de  Laplace,  without  denying  the  importance  and  utility  of  these 
labors  and  these  researches,  saw  in  them  nothing  more  than  indications 
of  promise ;  M.  Lagrange  then  said  to  him  explicitly : 

"  E  «^n  you,  M.  de  La[/.ace,  when  you  entered  the  Acadciuy,  had  done 
uothing  brilliant ;  you  only  gave  promise. '  Your  grand  discoveries  did 
not  come  till  afterward." 

Lagrange  was  the  only  man  in  Europe  who  could  with  authority 
address  such  an  observation  to  him. 

M.  de  Laplace  did  not  reply  upon  the  ground  of  the  personal  question, 
but  he  added,  "I  maintain  that  it  is  useful  to  young  savans  to  hold 
out  the  position  of  member  of  the  Institute  as  a  future  recompense,  to 
excite  their  zeal.''  • 

"You  resemble,''  replied  M.  Hall6,  "the  driver  of  the  hackney  coach, 
who,  to  excite  his  horses  to  a  gallop,  tied  a  bundle  of  hay  at  the  end  of 
bis  carriage  pole;  the  poor  horses  redoubled  their  efforts,  and  the  bundle 
of  bay  always  flew  on  before  them.  After  all,  his  plan  made  them  fall 
off,  and  soon  after  brought  on  their  death." 

Delambre,  Legendre,  Biot,  insisted  on  the  devotion,  and  what  they 
termed  the  courage,  with  which  I  had  combated  arduous  difficulties, 
whether  in  carr3ing  on  the  observations,  or  in  saving  the  instruments 
and  the  results  already  obtained.  The}'  drew  an  animated  picture  of 
the  dangers  I  had  undergone.  M.  de  Laplace  ended  by  yielding  when 
he  saw  that  all  the  most  eminent  men  of  the  Academy  had  taken  me 
under  their  patronage,  and  on  the  day  of  the  election  he  gave  me  his 
vot«.  It  would  be,  1  must  own,  a  subject  of  regret  with  me  even  to 
this  day,  alter  a  lapse  of  forty-two  years,  if  I  had  become  member  of  the 
Institute  without  having  obtained  the  vote  of  the  author  of  the  Mecanique 
CSleste. 

The  members  of  the  Institute  were  always  presented  to  the  Emperor 
after  he  had  confirmed  their  nominations.  On  the  appointed  day,  in 
company  with  the  presidents,  with  the  secretaries  of  the  four  classes, 
and  with  the  academicians  who  had  special  publications  to  off'er  to  the 
Chief  of  the  State,  they  assembled  in  one  of  the  saloons  of  the  Tuileries, 
When  the  Emperor  returned  from  mass,  he  held  a  kind  of  review  of 
these  savans,  these  artists,  these  literary  men,  in  green  uniform. 

1  must  own  that  the  spectacle  which  I  witnessed  on  the  day  of  my 
presentation  did  net  edify  me.  I  even  experienced  real  displeasure  in 
seeing  the  anxiety  ev'inced  by  members  of  the  Institute  to  be  noticed. 

*' You  are  very  young,"  said  Napoleon  to  me  on  coming  near  me;  and 
without  waiting  for  a  flattering  reply,  which  it  would  not  have  been 
difficult  to  find,  he  added,  *^  What  is  your  name?"  And  my  neighbor 
on  the  right,  not  leaving  me  time  to  answer  the  simple  enough  question 
just  addressed  to  me,  hastened  to  say  : 
^^Hus  name  is  Arago." 
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"  Wliat  science  do  you  cultivate  !  " 

My  neighbor  on  the  left  immediately  replied — 

^^He  cultivates  astronomy." 

"What  have  you  dont*J" 

My  neighbour  on  the  right,  jealous  of  my  left  hand  neighbor  for 
having  encroached  on  his  rights  at  the  second  question,  now  hastened  to 
reply,  and  said : 

"jffe  has  just  been  measuring  the  line  of  the  meridian  in  Spain." 
•  The  Emperor,  imagining  doubtless  that  he  had  before  him  either  a 
dumb  man  or  an  imbecile,  passed  on  to  another  member  of  the  Institute. 
This  one  was  not  a  novice,  but  a  naturalist  well  known  through  his 
beautiful  and  important  discoveries,  it  was  M.  Lamarck.  The  old  man 
presented  a  book  to  Napoleon. 

"What  is  that?"  said  .the  latter,  "it  is  your  absurd  meteorology^  m 
which  you  rival  Matthieu  Laensberg.  It  is  this  *annuaire'  which  dis- 
honors your  old  age.  Do  something  in  natural  history,  and  I  should 
receive  your  productions  with  pleasure.  As  to  this  volume,  I  only  take 
it  in  consideration  of  your  white  hair.  Here  I"  And  he  passed  the 
book  to  an  aide-de-camp. 

Poor  M.  Lamarck,  who,  at  the  end  of  each  sharp  and  insulting  sentence 
of  the  Emperor,  tried  in  vain  to  say,  "It  is  a  work  on  natural  history 
which  I  present  to  you,"  was  weak  enough  to  fall  into  tears. 

The  Emperor  immediately  afterward  met  witli  a  more  energetic  antag- 
onist in  the  person  of  M.  Lanjuinais.  The  latter  had  advanced,  book  in 
hand.    Napoleon  said  to  him,  sneeringly : 

"The  entire  Senate,  then,  is  to  merge  in  the  Institute?"  "Sure,'^ 
replied  Lanjuinais,  "it  is  the  body  of  the  state  to  which  most  time  is  left 
for  occupying  itself  with  literature." 

The  Emperor,  displeased  at  this  answer,  at  once  quitted  the  cinl 
uniforms,  and  busied  himself  among  the  great  epaulettes  which  filled  the 
room. 

Immediately  after  my  nomination  I  was  exposed  to  strange  annoyances 
on  the  part  of  ^he  military  authorities.  I  had  left  for  Spain,  still  holding 
the  title  of  i)upil  of  the  Polytechnic  School.  My  name  could  not  remain 
on  the  books  more  than  four  years ;  consequently  I  had  been  enjoined 
to  return  to  France  to  go  through  the  examinations  necessary  on  quit- 
ting the  school.  But  in  the  meantime  Lalande  died,  and  thus  a  place 
in  the  Bureau  of  Longitude  became  vacant.  I  was  named  assistant 
astronomer.  The^e  places  were  submitted  to  the  nomination  of  the 
Emperor.  M.  Lacu6e,  (Urector  of  the  conscription,  thought  that,  through 
this  latter  circumstance,  the  law  would  be  satisfied,  and  I  was  author- 
ized to  continue  my  operations. 

M.  Matthieu  Dumas,  who  succeeded  him,  looked  at  the  question  from 
an  entirely  different  point  of  view ;  ho  enjoined  me  either  to  furnish 
a  substitute,  or  else  set  off  myself  with  the  contingent  of  the  twelfth 
arrondissement  of  Paris. 
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All  tny  remonstrances  and  those  of  my  friends  having  been  fruitless, 
-  announced  to  the  honorable  general  that  I  should  present  myself  in 
lie  Place  de  I'Estrapade,  whence  the  conscripts  had  to  depart,  in  the 
•ostunie  of  a  member  of  the  Institute ;  and  that  thus  I  should  march  on 
V>ot  through  the  city  of  Paris.  General  Matthieu  Dumas  was  alarmed 
It  the  effect  which  this  scene  would  produce  on  the  Emperor,  himself  a 
nember  of  the  Institute,  and  hastened,  under  fear  of  my  threat,  to  con- 
irm  the  decision  of  General  Lacu^e. 

In  the  year  1809,  I  was  chosen  by  the  "conseil  du  perfectionnement" 
>f  the  Polytechnic  School  to  succeed  M.  Monge,  in  his  chair  of  analysis 
ipplied  to  geometry.  The  circumstances  attending  that  nomination 
lave  remained  a  secret ;  I  seize  the  first  opportunity  which  offers  itself 
;o  me  to  make  them  known. 

M.  Monge  took  the  trouble  to  come  to  me  one/Jay,  at  the  observatory, 
:o  ask  me  to  succeed  him.  I  declined  this  honor,  because  of  a  proposed 
ourney  which  I  was  going  to  make  into  Central  Asia  with  M.  de  Hum- 
boldt. "You  will  certainly  not  set  off  for  some  months  to  come,"  said  the 
lustrious  geometer ;  "  you  could,  therefore,  take  my  place  temporarily.-' 
^  Your  proposal,"  I  replied,  "  flatters  me  infinitely ;  but  I  do  not  know 
whether  I  ought  to  accept  it.  I  have  never  read  your  great  work  on 
partial  differential  equations ;  I  do  not,  therefore,  feel  certain  that  I 
should  be  competent  to  give  lessons  to  the  pupils  of  the  Polytechnic 
School  on  such  a  difficult  theory.''  "  Try,"  said  he,  "  and  you  will  find 
that  that  theory  is  clearer  than  it  is  generally  supposed  to  be."  Accoi*- 
Jingly,  I  did  try ;  and  M.  Monge's  opinion  appeared  to  me  to  be  well 
founded. 

The  public  could  not  comprehend,  at  that  time,  how  it  was  that  the 
benevolent  M.  Monge  obstinately  refused  to  confide  the  delivery  of  his 
eourse  to  M.  Binet,  (a  private  teacher  under  him,)  whose  zeal  was  well 
known.    It  is  this  motive  which  I  am  going  to  reveal. 

There  was  then  in  the  "  Bois  de  Boulogne  "  a  residence  named  the 
Grey  House,  where  there  assembled  around  M.  Goessin,  the  high-priest 
of  a  new  religion,  a  number  of  adepts,  such  as  Lesueur,  tjie  musician, 
Colin,  private  teacher  of  chemistry  at  the  school,  M.  Binet,  &c.  A  report 
from  the  prefect  of  police  had  signified  to  the  Emperor  that  the  frequent- 
ers of  the  Grey  House  were  connected  with  the  Society  of  Jesuits.  The 
Emperor  was  uneasy  and  irritated  at  this.  "  Well,"  said  he  to  M.  Monge, 
'there  are  your  dear  pupils  become  disciples  of  Loyola!"  And  on 
VIonge's  denial,  "You  deny  it,"  answered  the  Emperor;  "well,  then, 
iDOW  that  the  private  teacher  of  your  course  is  iu  that  clique."  Every 
)ne  can  understand  that  after  such  a  remark,  Monge  could  not  consent 
:o  being  succeeded  by  M.  Binet. 

Having  entered  the  Academy,  young,  ardent,  and  impassioned,  I  took 
much  greater  part  in  the  nominations  than  may  have  been  suitable  for 
my  position  and  my  time  of  life.  Arrived  at  an  epoch  of  life  whence  I 
axamine  retrospectively  all  my  actions  with  calmness  and  impartiality, 

13  s 
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I  can  reiider  this  amount  of  justice  to  myself,  that,  excepting  ia  tliree 
or  four  instances,  my  vote  and  interest  were  always  in  favor  of  the  mo6t 
deserving  candidate,  and  more  than  once  I  succeeded  in  preventing  the 
Academy  from  making  a  deplorable  choice.  Who  could  blame  me  for 
having  maintained  with  energy  the  election  of  Mains,  considering  that 
his  competitor,  M.  Girard,  unknown  as  a  physicist,  obtained  twenty-tiro 
votes  out  of  fifty -three,  and  that  an  addition  of  five  votes  would  have 
given  him  the  victory  over  the  savant  who  had  just  discovered  the 
phenomenon  of  polarization  by  reflection,  over  the  savant  whom  Europe 
would  have  named  by  acclamation  !  The  same  remarks  are  applicable 
to  the  nomination  of  Pbisson,  who  would  have  failed  against  this  same 
M.  Girard  if  four  votes  had  been  otherwi^  given.  Does  not  this  suffice 
to  justify  the  unusual  ardor  of  my  conduct !  Although  in  a  third  trial 
the  majority  of  the  Academy  was  decided  in  favor  of  the  stinie  engineer, 
I  cannot  regret  that  I  supported  up  to  the  last  moment  with  conviction 
and  warmth  the  election  of  his  competitor,  M.  Dulong. 

I  do  not  suppose  that,  in  the  scientific  world,  any  one  will  be  disi)08ed 
to  blame  me  for  having  preferred  M.  Liouville  to  M.  de  Pont^coulant 

Sometimes  it  happened  that  the  government  wished  to  influence  the 
choice  of  the  Academy ;  with  a  strong  sense  of  my  rights  I  invariably 
resisted  all  dictation.  Once  this  resistance  acted  unfortunately  on  one 
of  my  friends — the  venerable  Legendre :  as  to  myself,  I  had  prepared 
myself  beforehand  for  all  the  persecutions  of  which  I  could  be  made  the 
object.  Having  received  from  the  minister  of  the  interior  an  invitation 
to  vote  for  M.  Binet  against  M.  Navier  on  the  occurrence  of  a  vacant 
place  in  the  section  of  mechanics,  Legendre  nobly  answered  that  be 
would  vote  according  to  his  soul  and  his  conscience..  He  was  immediatelv 
deprived  of  a  pension  which  his  great  age  and  his  long  services  rendered 
due  to  him.  The  protegS  of  the  authorities  failed ;  and,  at  the  time,  this 
result  was  attributed  to  the  activity  with  which  I  enlightened  the  mem- 
bers of  the  Academy  as  to  the  impropriety  of  the  minister's  proceedings. 

On  another  occasion  the  King  wished  the  Academy  to  name  Dupuytren, 
the  eminent  surgeon,  but  whose  character  at  the  time  lay  under  grave 
imputations.  Dupuytren  was  nominated,  but  several  blanks  protested 
against  the  interference  of  the  authorities  in  academic  elections. 

I  said  above  that  I  had  saved  the  Academy  from  some  deplorable  choices ; 
I  will  only  cite  a  single  instance,  on  which  occasion  I  had  the  sorrow  of 
finding  myself  in  opposition  to  M.  de  Lapla<5e.  The  illustrious  geometer 
wished  a  vacant  place  in  the  astronomical  section  to  be  granted  to  M. 
Nicollet — a  man  without  talent.  At  the  close  of  a  contest,  which  I 
maintained  undisguisedly,  notwithstanding  the  danger  which  might 
follow  from  thus  braving  the  powerful  protectors  of  M.  Nicollet>  the 
Academy  proceeded  to  the  ballot ;  the  respected  M.  Damoiseau,  whose 
election  I  haii  supported,  obtained  forty -five  votes  out  of  forty -eight. 
Thus  M.  Nicollet  had  collected  but  three. 

"  I  see,''  said  M.  de  Laplace  to  me,  "  that  it  is  useless  to  struggle 
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[gainst  young  people  5  I  acknowledge  that  the  man  who  is  called  the 
rreat  elector  of  the  Academy  is  more  powerful  than  1  am.'' 

*^  No.''  replied  I ;  "  M.  Arago  can  only  succeed  in  counterbalancing 
ihe  opinion  justly  preponderating  for  M.  de  Laplace,  when  the  right  is 
band  to  be  without  possible  contradiction  on  his  side." 

I  would  warn  those  savants,  who  having  early  entered  the  Academy, 
night  be  tempted  to  imitate  my  example,  to  expect  nothing  beyond  the 
^tisfaction  of  their  conscience.  I  warn  them,  with  a  knowledge  of  the 
5ase,  that  gratitude  will  almost  always  be  found  wanting. 

The  elected  Academician,  whose  merits  you  have  sometimes  ex- 
ilted  beyond  measure,  pretends  that  you  have  flone  no  more  than  jus- 
sice  to  him ;  that  you  have  only  fulfilled  a  duty,  and  that  he  therefore 
>wes  you  no  thanks. 

Delambre  died  the  19th  August,  1822.  After  the  necessary  delay, 
they  proceeded  to  fill  his  place.  The  situation  of  perpetual  secretary  is 
not  one  which  can  long  be  left  vacant.  The  Academy  named  a  commis- 
sion to  present  it  with  candidates ;  it  was  composed  of  Messrs.  de  La- 
place, Arago,  Legendre,  Eossel,  Prony,  and  Lacroix.  The  list  presented 
wUs  composed  of  the  names  of  Messrs.  Biot,  Fourier,  and  Arago.  It  is 
not  necessary  for  me  to  say  with  what  obstinacy  I  opposed  the  inscrip- 
tion of  my  name  on  this  list ;  I  was  compelled  to  give  way  to  the  will  of 
my  colleagues,  but  I  seized  the  first  opportunity  of  declaring  publicly 
that  I  had  neither  the  expectation  nor  the  wish  to  obtain  a  single  vote ; 
that,  moreover,  I  had  on  my  hands  already  as  much  work  as  I  could  get 
through ;  that  in  this  inspect  M.  Biot  was  in  the  same  position ;  and 
that,  in  shortj  I  should  vote  for  the  nomination  of  M.  Fourier. 

It  was  supposed,  but  I  dare  not  flatter  myself  that  it  was  the  fact, 
that  my  declaration  exercised  a  certain  influence  on  the  result  of  the 
ballot.  The  result  was  as  follows:  M.  Fourier  received  thirty-eight 
votes,  and  M.  Biot  ten.  In  a  case  of  this  nature  each  man  carefully  con- 
ceals his  vote,  in  order  not  to  run  the  risk  of  future  disagreement  with 
him  who  may  be  invested  with  the  authority  which  the  Academy  gives 
to  the  perpetual  secretary.  I  do  not  know  whether  I  shall  be  pardoned 
if  I  recount  an  incident  which  amused  the  Academy  at  the  time. 

M.  de  Laplace,  at  the  moment  of  voting,  took  two  plain  pieces  of  pa- 
per ;  hi»*  neighbor  was  guilty  of  the  indiscretion  of  looking,  and  saw 
distinctly  that  the  illustrious  geometer  wrote  the  name  of  Fourier  on 
both  of  them.  After  quietly  folding  them  up,  M.  de  Laplace  put  the 
papers  into  his  hat,  shook  it,  and  said  to  this  same  curious  neighbor: 
*^  You  see,  I  have  written  two  papers ;  I  am  going  to  tear  up  one;  I  shall 
put  the  other  into  the  urn ;  I  shall  thus  be  myself  ignorant  for  which 
of  the  two  candidates  I  have  voted.'^ 

All  went  on  as  the  celebrated  Academician  had  said ;  only  that  every 
one  knew  with  certainty  that  his  vote  had  been  for  Fourier  5  and  "  the 
calculation  of  probabilities "  was  in  no  way  necessary  for  arriving  at 
this  result. 
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Aft<}r  having  fulfilled  the  duties  of  secretary  with  much  distinction, 
but  not  without  some  feebleness  and  negligence  in  consequence  of  his 
bad  health,  Fourier  died  the  16th  of  May,  1830.  I  declined  several  times 
the  honor  which  the  Academy  appeared  willing  to  do  me,  in  naming  me 
to  succeed  him.  I  believed,  without  false  modesty,  that  I  had  not  the 
qualities  necessary  to  fill  this  important  pla<5e  suitably.  When  thirty- 
nine  out  of  forty-four  voters  had  appointed  me,  it  was  quite  time  that  1 
should  give  in  to  an  opinion  so  flattering  and  so  plainly  expressed.  On 
the  7th  of  June,  1830, 1,  therefore,  became  perpetual  secretary  of  the 
Academy  for  the  Mathematical  Sciences ;  but,  conformably  to  the  plea 
of  an  accumulation  of  offices,  which  I  had  used  as  an  argument  to  sup- 
port, in  November,  1822,  the  election  of  M.  Fourier,  I  declared  that  I 
should  give  in  my  resignation  of  the  professorship  in  the  Polytechnic 
School.  Neither  the  solicitations  of  Marshal  Soult,  the  minister  of  war, 
nor  those  of  the  most  eminent  members  of  the  Academy,  could  avail  io 
persuading  me  to  renounce  this  resolution. 
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By  M.  Arago. 


William  Herschel,  one  of  the  greatest  astronomers  that  ever  lived 
ill  any  age  or  country,  was  born  at  Hanover,  on  the  15th  of  November, 
1738.  The  name  of  Herschel  has  become  too  illustrious  for  the  world  to 
neglect  searching  back,  along  the  stream  of  time,  to  learn  the  social 
position  of  the  families  that  have  borne  it.  Yet  pardonable  curiosity 
on  this  subject  has  not  been  entirely  satisfied.  We  only  know  that 
Abraham  Herschel,  great-grandfather  of  the  astronomer,  resided  at 
Miihren,  whence  he  was  expelled  on  account  of  his  strong  attachment 
to  the  Protestant  faith ;  that  Abraham's  son  Isaac  was  a  farmer  in  the 
vicinity  of  Leipzig ;  that  Isaac's  eldest  son,  Jacob  Herschel,  disappointed 
his  father's  earnest  desire  to  see  him  devote  himself  to  agriculture,  that 
he  determined  on  being  a  musician,  and  settled  at  Hanover. 

Jacob  Herschel,  father  of  William,  the  astronomer,  was  an  eminent 
musician,  not  less  remarkable  for  the  good  qualities  of  his  heart  than  for 
those  of  his  mind.  His  very  limited  means  did  not  enable  him  to  bestow 
a  complete  education  on  his  family,  consisting  of  six  boys  and  four  girls, 
although,  by  his  care,  his  ten  children  all  became  excellent  musicians. 
The  eldest,  Jacob,  even  acquired  a  rare  degree  of  skill,  which  pro- 
curoil  for  him  the  appointment  of  master  of  the  band  in  a  Hanoverian 
regiment,  which  he  accompanied  to  England.  The  third  son,  William, 
remained  under  his  father's  roof,  and,  without  neglecting  the  fine  art«, 
took  lessons  in  the  French  language,  and  devoted  himself  to  the  study 
of  metaphysics,  for  which  he  retained  a  taste  to  his  latest  day. 

In  1759  William  Herschel,  then  about  twenty-one  years  of  age,  wxnt 
over  to  England,  not  with  his  father,  as  has  been  erroneously  stated, 
but  with  his  brother  Jacob,  whose  connections  in  that  countr3'  seemed 
likely  to  favor  the  young  man's  opening  prospects  in  life.  But  neither 
London  nor  the  country  towns  afforded  him  any  resource  in  the -begin- 
ning, and  the  first  two  or  three  years  after  his  expatriation  were  marked 
with  cruel  privations,  which  were,  however,  manfully  endured.  A  fortun- 
ate chance  finally  raised  the  young  Hanoverian  to  a  better  position  ; 
Lord  Durham  engaged  him  as  master  of  the  band  in  an  English  regiment 
which  was  quartered  on  the  borders  of  Scotland.  From  this  moment 
he  began  to  acquire  a  reputation  as  a  musician  that  was  gradually 
extended,  until  in  1766  he  was  appointed  organist  at  Halifax,  (York- 
shire.) The  emoluments  of  this  situation,  together  with  those  of  giving 
private  lessons  both  in  the  town  and  the  country  around,  afTorded  him 
the  means  to  remedy,  or  rather  to  complete,  his  early  education.    It  was 
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then  that  he  learned  Latiu  and  Italian,  though  without  any  other  hdp 
than  a  grammar  and  a  dictionary,  and  that  he  also  acquired  some 
knowledge  of  Greek.  So  great  was  the  desire  for  knowledge  with  which 
he  was  inspired  that  while  residing  at  Halifax  he  found  means  to  continne 
h  is  philological  exercises,  and  at  the  same  time  to  study  deeply  the  learned 
but  very  obscure  mathematical  work  of  Smith  on  the  theory  of  music. 
This  treatise,  either  explicitly  or  implicitly,  supposed  the  reader  to 
have  a  knowledge  of  algebra  and  geometry,  which  Herschel  did  not 
possess,  but  of  which  he  made  himself  master  in  a  very  short  time. 

In  17G6  Herschel  obtained  the  appointment  of  organist  to  the  Octagon 
Chapel  at  Bath.  This  was  a  more  lucrative  post  than  that  at  Halifax, 
but  it  also  devolved  on  him  new  obligations.  He  had  to  play  incej^ 
santly  either  at  the  oratorios,  or  in  the  rooms  at  the  baths,  at  the 
theater,  and  in  the  public  concerts.  Besides  this,  from  among  his  patrons 
in  the  most  fashionable  circle  of  England,  he  could  not  refuse  to  take 
numerous  pupils  who  wished  to  be  instructed  in  his  art.  It  is  diflScult  to 
imagine  how,  among  so  many  duties,  so  many  distractions  of  various 
kinds,  Herschel  could  continue  the  studies,  which  even  at  Halifax  had 
required  so  much  resolution  and  perseverance,  with  a  ver^'  uncommon 
degree  of  talent.  We  have  seen  that  it  was  by  music  that  Herschel 
was  led  to  mathematics ;  mathematics  in  their  turn  led  him  to  optics, 
the  principal  and  fertile  source  of  his  illustrious  career.  The  time 
finall}^  arrived  when  his  theoretic  knowledge  was  to  guide  the  young 
musician  into  a  laborious  application  of  principles  quite  foreign  to  his 
habits ;  and  of  which  the  brilliant  success,  as  well  as  the  exce.^sive 
temerity,  must  excite  reasonable  astonishment. 

A  telescope — a  simple  reflector,  only  two  English  feet  in  length  falls 
into  the  hands  of  Herschel  during  his  residence  at  Bath.  This  in- 
strument, however  imperfect,  shows  him  a  multitude  of  stars  in  the 
sky  that  the  naked  eye  cannot  discern;  shows  him  also  enlarged  known 
objects,  under  their  true  dimensions;  reveals  forms  to  him  that  the 
richest  imaginations  of  antiquity  had  never  suspected.  He  is  trans- 
ported with  enthusiasm,  and  resolves,  without  delay,  to  have  a  similar  in- 
strument but  of  larger  size.  The  answer  from  London  is  delayed  for 
some  days.  These  few  days  appear  to  him  as  years.  When  the  answer 
arrived,  the  price  that  the  optician  demands  proves  to  be  much  beyond 
the  pecuniary  resources  of  a  mere  organist.  To  any  other  man  this 
would  have  been  an  uusurmountable  obstacle.  This  unexpected  diffi- 
culty, on  the  contrary,  inspired  Herschel  with  fresh  energy.  He  can- 
not buy  a  telescope;  then  he  will  construct  one  with  his  own  hands. 
The  musician  of  the  Octagon  Chapel  rushes  immediately  into  a  mul- 
titude of  experiments,  on  metallic  alloys  that  reflect  light  with  the 
greatest  intensity,  on  the  means  of  giving  the  parabolic  figure  to  the 
mirrors,  on  the  causes  that  in  the  operation  of  polishing  aflfect  the 
regularity  of  the  reflection,  &c.  So  rare  a  degree  of  perseverance  at  last 
receives  its  reward.    In  1774:  Herschel  ha«  the  happiness  of  being 
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able  to  exainiue  the  heavens  with  a  jSTewtonian  telescope  of  five  English 
feet  focus,  entii*ely  made  by  himself.    This  success  tempts  him  to  under- 
take still  more  difficult  enterprises.    Other  telescopes  of  seven,  of  eight, 
of  ten,  and  even  of  twenty  feet  focal  distance,  crown  his  efforts.    As  if 
to  answer  in  advance  those  critics  who  would  have  accused  him  of  a 
superfluity  of  apparatus,  of  unnecessary  luxury,  in  the  large  size  of  the 
new  instruments,  and  his  extreme  minutiae  in  their  execution,  Nature 
granted  to  the  astronomical  musician,  on  the  13th  of  March,  1781,  the 
unprecedented  honor  of  commencing  his  career  of  observation  with  the 
discovery  of  a  new  planet,  situated  on  the  confines  of  our  solar  system. 
Dating  from  that  moment,  HerschePs  reputation,  no  longer  in  his 
character  of  musician,  but  as  a  constructor  of  telescopes  and  as  an 
astronomer,  spread  throughout  the  world.     George  III,  a  lover  of 
science,  and  much  inclined  besides  to  protect  and  patronize  both  men 
and  things  of  Hanoverian  origin,  had  Herschel  presented  to  him.    He 
was  charmed  with  the  simple  yet  lucid  and  modest  account  that  the 
astronomer  gave  of  his  repeated  endeavors ;  he  caught  a  glimpse  of 
the  glory  that  such  an  observer  might  reflect  on  his  reign ;  granted  him 
a  pension  of  three  hundred  guineas  a  year,  and  furnished  him  with  a  resi- 
dence near  Windsor  Castle,  first  at  Clay  Hall  and  then  at  Slough.    The 
anticipations  of  George  III  were  completely  realized.  We  may  confidently 
assert,  relative  to  the  little  house  at  Slough,  that  it  is  the  place  of  all 
the  world  where  the  greatest  number  of  astronomical  discoveries  have 
been  made.    The  name  of  that  village  will  never  perish.    Science  will 
transmit  it  religiously  to  our  latest  posterity. 

I  shall  avail  myself  of  this  opportunity  to  rectify  a  mistake,  of  which 
ignorance  and  idleness  wish  to  make  a  triumphant  handle,  or,  at  all 
events,  to  wield  in  their  cause  as  an  irresistible  justification.  It  has 
been  repeated  to  satiety  that  at  the  time  when  Herschel  entered  on  his 
astronomical  career  he  knew  nothing  of  mathematics.  But  I  have  already 
said  that,  during  his  residence  at  Bath,  the  organist  of  the  Octagon 
Chapel  had  familiarized  himself  with  the  principles  of  geometry  and 
algebra;  and  a  still  more  positive  proof  of  this  is,  that  a  difficult 
question  on  the  vibration  of  strings  loaded  with  small  weights  having 
been  proposed  for  discussion  in  1779,  Herschel  gave  it  a  solution  which 
was  thought  w^orthy  to  be  inserted  in  several  scientific  periodicals  of  the 
year  1780. 

The  adventurous  life  of  Herschel  is  here  closed.  The  great  astrono- 
mer will  not  quit  his  observatory  any  more,  except  to  submit  the  sublime 
results  of  his  laborious  vigils  to  the  Royal  Society  of  London.  These 
results  are  contiiined  in  his  memoirs ;  they  constitute  one  of  the  principal 
riches  of  the  celebrated  collection  known  under  the  title  of  Philosophical 
Transactions. 

Herschel  was  even  elected  as  a  member  of  the  principal  academies  of 
Europe,  and  about  1816  he  was  named  a  Knight  of  the  Guelphic  Order 
of  Hanover.    According  to  the  English  custom,  from  the  time  of  that 
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nomination  the  title  of  Sir  William  took  the  place,  on  all  his  memoire, 
already  honored  with  so  much  celebrity,  of  the  former  appellation 
of  Doctor  William.  He  had  been  named  a  doctor  of  laws  in  the 
University  of  Oxford  in  1786.  This  dignity,  by  special  favor,  was  con- 
ferred on  him  without  any  of  the  obligatory  formalities  of  examination, 
disputation,  or  pecuniary  contribution,  usual  in  that  learned  corporation. 

I  should  wound  the  elevated  sentiments  that  Herschel  professed  s^l 
his  life,  if  I  were  not  here  to  mention  two  indefatigable  assistants  thax 
this  fortunate  astronomer  found  in  his  own  family.  The  one  was  Alex- 
ander Herschel,  endowed  with  a  remarkable  talent  for  mechanism, 
always  at  his  brother's  service,  and  who  enabled  him  to  realize  without 
delay  any  ideas  that  he  had  conceived ;  *  the  other  was  Miss  Caroline 
Herschel,  who  deserves  a  still  more  particular  and  detailed  mention. 

Miss  Caroline  Lucretia  Herschel  went  to  England  as  soon  as  h& 
brother  became  special  astronomer  tx)  the  King.  She  received  the 
appellation  there  of  Assistant  Astronomer,  with  a  moderate  salary. 
From  that  moment  she  unreservedly  devoted  herself  to  the  service  of 
her  brother,  happy  in  contributing  night  and  day  to  his  rapidly  increasing 
scientific  reputation.  Miss  Caroline  shared  in  all  the  night-watches  of 
her  brother,  with  her  eye  constantly  on  the  clock,  and  the  pencil  in  her 
hand;  she,  without  exception,  recorded  all  the  observations;  she  after- 
ward made  three  or  four  copies  in  separate  registers;  coordinated, 
classed,  and  analyzed  them.  If  the  scientific  world  saw  with  astonish- 
ment how  Herschel's  works  succeeded  each  other  with  unexampled 
rapidity  during  so  many  years,  they  were  specially  indebted  for  it  to  the 
ardor  of  Miss  Caroline.  Astronomy,  moreover,  has  been  directly 
enriched  with  several  comets  by  this  excellent  and  respectable  lady. 
After  the  death  of  her  illustrious  brother,  she  retired  to  Hanover,  to  the 
house  of  Jalin  Dietrich  Herschel,  a  musician  of  high  reputation,  and 
the  only  surviving  brother  of  the  astronomer. 

William  Herschel  died  without  pain  on  the  23d  of  August,  1822,  a^ 
eighty-three.  Neither  fame  nor  fortune  ever  changed  in  him  the  fund  of 
infantine  candor,  inexhaustible  benevolence,  and  sweetness  of  character 
with  which  nature  had  endowed  him.  He  preserved  to  the  last  both 
his  brightness  of  mind  and  vigor  of  intellect.  For  some  years  before 
his  death  he  enjoyed  with  delight  the  distinguished  success  of  his  only 
son,f  Sir  John  Herschel.  At  his  last  hour  he  sunk  to  rest  with  the 
pleasing  conviction  that  his  beloved  son,  heir  of  a  great  name,  would 
not  allow  it  to  fall  into  oblivion,  but  would  adorn  it  with  fresh  luster, 

*  When  age  and  infirmities  obliged  Alexander  Herschel  to  give  up  his  profession  as  a 
musician,  he  quitted  Batli  and  returned  to  Hanover,  very  generously  provided  by  Sir 
William  with  a  comfortable  independence  for  life. 

tSir  W.  Herschel  had  married  Mary,  the  widow  of  John  Pitt,  esq.,  possessed  of  a  cou- 
biderable  jointure,  and  the  union  proved  a  remarkable  accession  of  domestic  happiness 
This  lady  survived  Sir  William  by  Several  years.  They  had  but  this  son.— Tr.o^u- 
Tou's  Note. 
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md  ibat  great  discoveries  would  also  honor  his  career.  No  predictiou 
^f  the  Illustrious  astronomer  has  been  more  completely  verified. 

In  the  English  journals  an  account  is  given  of  the  interesting  means 
adopted  by  the  family  of  Sir  William  Herschel  for  preserving  the  remains 
of  the  great  telescope  of  thirty-nine  feet  focus,  constructed  by  that  cele- 
brated astronomer. 

The  metal  tube  of  the  instrument,  carrying  at  one  end  the  recently 
cleaned  mirror  of  four  feet  ten  inches  in  diameter,  has  been  placed  hori- 
zontally in  the  meridian  on  solid  piers  of  masonr^^,  in  the  midst  of  the 
circle  where  formerly  stood  the  mechanism  requisite  for  maneuvering 
the  telescope.  The  1st  of  January,  1840,  Sir  John  Herschel,  his  wife, 
their  children,  seven  in  number,  and  some  old  family-servants  assembled 
at  Slough.  Exactly  at  noon  the  party  walked  several  times  in  prociis- 
sion  around  the  instrument ;  they  then  entered  the  tube  of  the  telescope, 
se^ited  themselves  on  benches  that  had  been  x)repared  for  the  purpose, 
and  sung  a  requiem,  with  English  words,  composed  by  Sir  John  Herschel 
himself.  After  their  exit,  the  illustrious  family  ranged  themselves  around 
the  great  tube,  the  opening  of  which  was  then  hermetically  sealed.  The 
day  concluded  with  a  party  of  intimate  friends. 

I  know  not  whether  those  persons  who  can  only  appreciate  things 
from  the  peculiar  point  of  view  from  which  they  have  been  accustomed 
to  look,  may  think  there  was  something  strange  in  several  of  the  details 
of  the  ceremony  that  I  have  just  described.  I  affirm,  however,  that  the 
whole  world  will  applaud  the  pious  feeling  which  actuated  Sir  John 
Herschel,  and  that  all  the  friends  of  science  will  thank  him  for  having 
consecrated  the  humble  garden  where  his  father  achieved  such  immortal 
labors  by  a  monument  more  expressive  in  its  simplicity  than  pyramids 
or  statues. 
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the  stars ;  with  an  introductory  account  of  an  index  to  Mr.  Flamsteed's  observations  of 
the  fixed  stars,  contained  in  the  second  volume  of  the  Historia  Ccelestis,  to  which  ire 
added  several  useful  results  derived  from  that  index. — Observations  of  the  changeable 
brightness  of  the  satellites  of  Jupiter,  aud  of  the  variation  in  their  apparent  magni- 
tudes ;  with  a  determination  of  the  time  of  their  rotary  motions  on  their  axes,  to  which  is 
added  a  measure  of  the  diameter  of  the  second  satellite,  and  an  estimate  of  tbe  com- 
parative size  of  the  fourth. 

1798.  Phil.  Trans.,  vol.  Ixxxviii. — On  the  discovery  of  four  additional  satellites  of  the 
Georgium  Sidus.  The  retrograde  motion  of  its  satellites  announced  ;  and  the  canse  of 
their  disappearance  at  certain  distances  from  the  planet  cxi)laiued. 

1799.  Phil.  Trans.,  vol.  Ixxxix. — A  fourth  catalogue  of  the  comparative  brightness  of 
the  stars. 

1800.  Phil.  Trans.,  vol.  xc. — On  the  power  of  jKJUctrating  into  space  by  telescopes, 
with  a  comparative  determination  of  the  extent  of  that  power  in  natural  vision,  aiMi 
in  telescopes  of  various  sizes  and  construction  ;  illustrated  by  select  obser^'at ions.— In- 
vestigation of  the  powers  of  the  prismatic  colors  to  heat  and  illuminate  objects;  with 
remarks  that  prove  the  different  refraugibility  of  radiaut  heat;  to  which  is  added  an 
inquiry  into  the  method  of  viewing  the  sun  advantageously  with  t<*lescope8  of  large 
apertures  and  high  magnifying  powers. — Experiments  on  the  refraugibility  of  the  in- 
visible rays  of  the  sun. — Experiments  on  the  solar  and  on  the  terrestrial  rays  thatoccir 
sion  heat ;  with  a  comparative  view  of  the  laws  to  which  light  and  heat,  or  rather  tbe 
rays  which  occasion  them,  are  subject,  in  order  to  determine  whether  they  are  the  same 
or  different. 
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1801.  Phil.  Trans.,  vol.  xci. — Observations  tending  to  investigate  the  nature  of  the 
Biin,  in  order  to  find  the  causes  or  symptoms  of  its  variable  emission  of  light  and  heat; 
'^vith  remarks  on  the  use  that  may  possibly  be  drawn  from  solar  observations. — Addi- 
tional observ^ations  tending  to  investigate  the  symptoms  of  the  vacriable  emission  of  the 
light  and  heat  of  the  sun  ;  -with  trials  to  set  aside  darkening  glasses,  by  transmitting 
the  solar  rays  through  liquids,  and  a  few  remarks  to  remove  objections  that  might  be 
made  against  some  of  the  arguments  contained  in  the  former  paper. 

1802.  Phil.  Trans.y  vol.  xcii. — Observations  on  the  two  lately  discovered  celestial 
bodies,  (Ceres  and  Pallas.) — Catalogue  of  500  new  nebula)  and  clusters  of  stars,  with  re- 
marks on  the  construction  of  the  heavens. 

1803.  Phil.  TYans.,  vol.  xciii. — Observations  of  the  transit  of  Mercury  over  the  disk  of 
the  snn ;  to  which  is  added  an  investigation  of  the  causes  which  often  prevent  the 
proper  action  of  mirrors. — Account  of  the  changes  that  have  happened  during  the  last 
wenty-five  years  in  the  relative  situation  of  double  stars  ;  with  an  investigation  of 
the  cause  to  which  they  are  owing. 

1804.  Phil.  Trans.,  vol.  xciv. — Continuation  of  an  account  of  the  changes  that  have 
happened  in  the  relative  situation  of  double  stars. 

1805.  Phil,  Trans.,  vol.  xcv. — Experiments  for  ascertaining  how  far  telescopes  will 
enable  us  to  determine  very  small  angles,  and  to  distinguish  the  real  from  the  spurious 
diameters  of  celestial  and  terrestrial  objects ;  with  an  application  of  the  result  of  these 
experiments  to  a  series  of  observations  on  the  nature  and  magnitude  of  Mr.  Harding's 
lately  discovered  star. — On  the  direction  and  velocity  of  the  motion  of  the  sun  and  solar 
system. — Observation  on  the  singular  figure  of  the  planet  Saturn. 

1806.  Phil.  Trans.,  vol.  xcvi. — On  the  quantity  and  velocity  of  the  solar  motion. — 
Observations  on  the  figure,  the  climate,  and  the  atmosphere  of  Saturn  and  its  ring. 

1807.  PhiL  Trans.,  vol.  xcvii. — Experiments  for  investigating  the  cause  of  the  colored 
concentric  rings  discovered  by  Sir  Isaac  Newton  between  two  object-glasses  laid  one 
upon  another. — Observations  on  the  nature  of  the  new  celestial  body  discovered  by 
Dr.  Olbers,  and  of  the  comet  which  was  expected  to  appear  last  January,  in  its  return 
from  the  sun. 

1808.  Phil.  Trans.,  vol.  xcviii. — Observations  of  a  comet,  made  with  a  view  to  investi- 
gate its  magnitude  and  the  nature  of  its  illumination.  To  which  is  added  an  account 
of  a  new  irregularity  lately  perceived  in  the  apparent  figure  of  the  planet  Saturn. 

1809.  Phil.  Trans.,  vol.  xcix. — Continuation  of  experiments  for  investigating  the 
cause  of  colored  concentric  rings  and  other  appearances  of  a  similar  nature. 

1810.  Phil.  Trans.,  vol.  c— Supplement  to  the  first  and  second  part  of  the  pap^r  of 
experiments  for  investigating  the  cause  of  colored  concentric  rings  between  object- 
glasses,  and  other  appearances  of  a  similar  nature. 

1811.  Phil.  Trans.,  vol.  ci. — Astronomical  observations  relating  to  the  construction 
of  the  heavens,  arranged  for  the  purpose  of  a  critical  examination,  the  result  of  which 
appears  to  throw  some  new  light  upon  the  organization  of  the  celestial  bodies. 

1812.  Phil.  Trans.,  vol.  cii. — Observations  of  a  comet,  with  remarks  on  the  construc- 
tion of  its  difi'erent  parts. — Observations  of  a  second  comet,  with  remarks  on  its  con- 
struction. 

1814.  Phil.  Trans.,  vol.  civ. — Astronomical  observations  relating  to  the  sidereal  part 
of  the  heavens,  and  its  connection  with  the  nebulous  part ;  arranged  for  the  purpose  of 
a  critical  examination. 

1815.  Phil.  Trans.,  vol.  cv. — A  series  of  observations  of  the  satellites  of  the  Georgian 
Planet,  including  a  passage  through  the  node  of  their  orbits ;  with  an  introductory  ac- 
count of  the  telescopic  apparatus  that  has  been  used  on  this  occasion,  and  a  final  expo- 
sition of  some  calculated  particulars  deduced  from  the  observations. 

1817.  Phil.  Trans.,  vol.  cvii. — Astronomical  observations  and  experiments  tending  to 
inv^tigate  the  local  arran^^ement  of  the  celestial  Iwdies  in  space,  and  to  determine  the 
extent  and  condition  of  the  Milky  Way. 

1818.  Phil.  Trans.,  vol.  cviii, — Astronomical  observations  and  experiments  selected 
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for  the  purpose  of  ascertaining  the  relative  distances  of  clusters  of  stars^  and  of  uiTet> 
tigating  how  far  the  power  of  telescopes  may  be  expected  to  reach  into  space,  wben 
directed  to  ambiguous  celestial  objects. 

1822.  Memoirs  of  the  Astronomical  Society  of  London, — On  the  positions  of  145.  uev 
double  stars. 

The  chronological  and  detailed  analysis  of  so  many  labors  would 
involve  numerous  repetitions.  A  systematic  order  will  be  preferable, 
since  it  more  distinctly  fixes  the  eminent  place  that  Herschel  will  never 
cease  to  occupy  in  the  small  group  of  contemporary  men  of  genius,  while 
his  name  will  reecho  to  the  most  distant  posterity.  The  variety  and 
splendor  of  HerschePs  labors  vie  with  their  extent.  The  more  we  stndy 
them  the  more  we  must  admire  them.  It  is  with  great  men  as  it  is  with 
great  movements  in  the  arts :  we  cannot  understand  them  without  study- 
ing them  from  various  points  of  view. 

Let  us  here  again  make  a  general  reflection.  The  memoirs  of  Herscbel 
are,  for  the  greater  part,  pure  and  simple  extracts  from  his  inexhaustible 
journals  of  observations  at  Slough,  accompanied  by  brief  remarks.  Such 
a  table  would  not  suit  historical  details.  In.^these  respects  the  author 
has  left  almost  everything  to  his  biographers  to  do  for  him.  And  they 
iijust  impose  on  themselves  the  task  of  assigning  to  the  great  astron- 
omer's predecessors  the  portion  that  legitimately  belongs  to  them  out 
of  the  mass  of  discoveries  which  the  public,  we  must  say,  are  in  the 
habit  of  erroneously  referring  too  exclusively  to  Herschel. 

At  one  time  I  thought  of  adding  a  note  to  the  analysis  of  each  of  the 
illustrious  observer's  memoirs,  containing  a  detailed  account  of  the 
improvements  or  corrections  to  which  the  progressive  march  of  science 
has  led.  But  in  order  to  avoid  an  exorbitant  length  in  this  biog- 
raphy, I  have  been  obliged  to  give  up  my  project.  In  general,  I  shall 
content  myself  with  pointing  out  what  belongs  to  Herschel,  referring  to 
Arago's  Treatise  on  Popular  Astronomy  for  the  historical  details.  The  life 
of  Herschel  had  the  rare  advantage  of  forming  an  epoch  in  an  extensive 
branch  of  astronomy  5  it  would  require  us  almost  to  write  a  special 
treatise  on  astronomy  to  show  thoroughly  the  importance  of  all  the  re- 
searches that  are  due  to  him. 

IMPROVEMENTS  IN  THE  MEANS  OF  OBSERVATION. 

The  improvements  that  Herschel  made  in  the  construction  and  manage- 
ment of  telescopes  have  contributed  so  directly  to  the  discoveries  with 
which  that  observer  enriched  astronomy  that  we  cannot  hesitate  to 
bring  them  forward  at  once. 

I  find  the  following  passage  in  a  memoir  by  Lalande,  printed  in  1783, 
and  forming  part  of  the  preface  to  Volume  VIII  of  the  Ephemerides  of  the 
Celestial  Motions : 

''  Each  time  that  Herschel  undertakes  to  polish  a  mirror  (of  a  tele- 
scope) he  condemns  himself  to  ten,  or  twelve,  or  even  fourteen  hours  of 
constant  work.   He  does  not  quit  his  workshop  for  a  minute,  not  even  to 
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eat,  but  receives  from  the  hands  of  his  sister  that  nourishment  without 
which  one  could  not  undergo  such  prolonged  fatigue.  Nothing  could 
induce  Herschel  to  leave  his  work ;  for,  according  to  him,  if  he  did  so 
it  w^ould  be  to  spoil  it." 

The  advantages  that  Herschel  found  in  1783,  1784,  and  1785,  in  em- 
ploying telescopes  of  twenty  feet  and  with  large  apertures,  made  him 
desire  to  construct  one  much  larger  still.  The  expense  would  be  consid- 
erable ;  the  King  provided  for  it.  The  work,  begun  about  the  close  of 
1785,  was  finished  in  August,  1789.  This  instrument  had  an  iron  cylin- 
drical tube,  thirty-nine  feet  four  inches  in  length,  and  four  feet  t^n 
inches  in  diameter.  Such  dimensions  are  enormous  as  compared  with 
those  of  telescopes  previously  made.  They  vnW  appear  but  small,  how- 
ever, to  persons  who  have  heard  the  report  of  a  pretended  ball  given  in 
the  Slough  telescope.  The  propagators  of  this  popular  rumor  must 
have  confounded  the  astronomer  Herschel  with  the  brewer  Meux,  and  a 
cylinder  in  which  a  man  of  the  smallest  stature  could  scarcely  stand 
upright,  with  divers  wooden  vats,  as  large  as  a  house,  in  which  beer 
is  made  in  London. 

Herschel's  telescope,  forty  English  feet*  in  length,  allowed  the  reali- 
zation of  an  idea,  the  advantages  of  which  would  not  be  suflBciently 
appreciated  if  I  did  not  here  recall  to  mind  some  facts. 

In  any  telescope,  whether  refracting  or  reflecting,  there  are  two  prin- 
cipal parts :  the  part  that  forms  the  aerial  images  of  the  distant  objects, 
and  the  small  lens  by  the  aid  of  which  these  images  are  magnified  just 
as  if  they  consisted  of  radiating  matter.  When  the  image  is  produced 
by  means  of  a  lenticular  glass,  the  place  it  occupies  will  be  found  in  the 
prolongation  of  the  line  that  extends  from  the  object  to  the  center  of 
the  lens.  The  astronomer,  furnished  with  an  eye-piece  and  wishing  to 
examine  that  image,  must  necessarily  place  himself  beyond  the  point 
where  the  rays  that  form  it  have  crossed  each  other ;  beyond^  let  us  carefully 
remark, means  fartlwr  ojf  from  the  object- glas^.  The  observer's  head, 
cannot  then  interfere  with  the  formation  or  the  brightness  of  the  image, 
however  small  may  be  the  distance  from  which  he  may  have  to  study  it. 
But  it  is  no  longer  thus  with  the  image  formed  by  means  of  reflection. 
For  the  image  is  now  placed  between  the  object  and  the  reflecting  mir- 
ror, and  when  the  astronomer  approaches  in  order  to  examine  it,  he 
inevitably  intercepts,  if  not  the  totality,  at  least  a  very  considerable 
portion,  of  the  luminous  rays,  which  would  otherwise  have  contributed 
to  give  it  great  distinctness.  It  will  now  be  understood  why,  in  optical 
instruments  where  the  images  of  distant  objects  are  formed  by  the  re- 
flection of  light,  it  has  been  necessary  to  carry  the  images,  by  the  aid 
of  a  second  reflection,  out  of  the  tube  that  contains  and  sustains  the 

•  Conforming  to  general  usage,  and  to  Sir  W.  Herschel  himself,  we  shaU  allude  to 
this  instrument  as  the  forty-foot  telescope,  though  M.  Arago  adheres  to  thirty-nine  feet 
and  drops  the  inches,  probably  because  the  Parisian  foot  is  rather  longer  than  the 
English.— -Translator's  Note. 
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principal  mirror.    When  the  small  mirror  on  the  surface  of  which  Xh 
second  reflection  is  effected  is  plane  and  inclined  at  an  angle  of  45^  to 
the  axis  of  the  telescope ;  when  the  image  is  reflected  laterally  throngh 
an  opening  made  near  the  edge  of  the  tube  and  furnished  with  an  eye- 
j)iece;  when,  in  a  word,  the  astronomer  looks  definitively  in  a  direction 
perpendicular  to  the  line  described  by  the  luminous  rays  coming  from 
the  object  and  falling  on  the  center  of  the  great  mirror,  then  the  tde- 
scope  is  called  Newtonian,    But  in  the  Gregorian  telescope  the  image 
formed  by  the  principal  mirror  fjflls  on  a  second  mirror,  which  is  very 
small,  slightly  curv^ed,  and  parallel  to  the  first.    The  small  mirror  re- 
flects the  first  image  and  throws  it  beyond  the  large  mirror,  through  an 
evening  made  in  the  middle  of  that  mirror. 

Both  in  the  one  and  in  the  other  of  these  two  telescopes,  the  small 
mirror  interposed  between  the  object  and  the  great  mirror  forms  relative 
to  the  latter  a  sort  of  screen  which  prevents  its  entire  surface  from  con- 
tributing toward  forming  the  image.  The  small  mirror  also,  in  regard 
to  intensity,  gives  some  trouble. 

Let  us  suppose,  in  order  to  clear  up  our  ideas,  that  the  material  of 
which  the  two  mirrors  are  made  reflects  only  half  of  the  incident  hght. 
In  the  course  of  the  first  reflection,  the  immense  number  of  rays  that  the 
aperture  of  the  telescope  had  received  may  be  considered  as  reduced  to 
half.  Nor  is  the  diminution  less  on  the  small  mirror.  Kow,half  of  a  half 
is  a  quarter.  Therefore  the  instrument  will  send  to  the  eye  of  the  ob- 
server only  a  quarter  of  the  incident  light  that  its  aperture  had  received 
If  these  two  causes  of  diminished  light  did  not  exist  in  a  refracting  tele- 
scope, it  would  give,  under  parity  of  dimensions,  four  times  more*  light 
than  a  Newtonian  or  Gregorian  telescope  gives. 

Herschel  did  away  with  the  small  mirror  in  his  large  telescope  by 
placing  the  large  mirror  obliquely  in  the  tube  which  causes  the  images 
to  be  formed,  not  in  the  axis  of  the  tube,  but  very  near  the  circumfw- 
ence  or  edge  of  the  outer  mouth,  as  we  may  cjill  it.  The  observer  might 
therefore  look  at  them  directlj^  merely  by  means  of  an  eye-glass.  A 
small  portion  of  the  astronomer's  head,  it  is  true,  encroaches  on  the  tube, 
forms  a  screen,  and  interrupts  some  incident  rays.  Still,  in  a  large  tel- 
escope, this  loss  does  not  amount  to  half  as  much  as  it  would  inevitably 
do  if  the  small  mirror  were  there. 

Those  telescopes  in  which  the  observer,  standing  at  the  anterior  ex- 
tremity of  the  tube,  looks  directly  into  it,  turning  his  back  to  the  objects, 
were  called  by  ReTsche]  front-view  telescopes.  In  Volume  LXXVI  of  the 
Philosophical  Transactions,  he  says  that  the  idea  of  this  construction 
occurred  to  him  in  1776,  and  that  he  then  applied  it  unsuccessfully  to  a 
ten-foot  telescope  5  that  during  the  year  1784  he  again  made  a  fruitless 
trial  of  it  in  a  twenty -foot  telescope.  Yet  I  find  that  on  the  7  th  of  Sep- 
tember, 1784,  he  recurred  to  a  front  view  in  observing  some  nebulse  and 
groups  of  stars.    However  discordant  these  dates  may  be,  we  cannot 

*It  would  bo  more  correct  to  aa^  ioxxi  Ivvaci^  a%  muoK  Vv^Ut, — Translatob. 
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without  injustice  neglect  to  remark  that  a  front-view  telescope  was 
already  described  in  1732,  in  Volume  VI  of  the  collection  entitled  "Ma- 
chines and  Inventions  approved  by  the  Academy  of  Sciences.''  The  author 
of  this  innovation  is  Jacques  Lemaire,  who  has  been  unduly  confounded 
with  the  English  Jesuit,  Christopher  Maire,  assistant  to  Boscoviteh,  in 
measuring  the  meridian  comprised  between  Eome  and  Eimini.  Jacques 
Lemaire,  having  only  telescopes  of  moderate  dimensions  in  view,  was 
obliged,  in  order  not  to  sacrifice  any  of  the  light,  to  place  the  great  mir- 
ror so  obliquely  that  the  image  formed  by  its  surface  should  fall  entirely 
outside  the  tube  of  the  instrument.  So  great  a  degree  of  inclination 
would  certainly  distort  the  image.  The  front-view  construction  is  admis- 
sible only  in  very  large  telescopes. 

I  find  in  the  Transactions  for  1803  that,  in  solar  observations,  Herschel 
sometimes  employed  telescoi)es,  the  great  mirror  of  which. was  made  of 
glass.  It  was  with  a  telescope  of  this  kind,  seven  feet  long,  and  six  inches 
and  three-tenths  in  diameter,  that  he  observed  the  transit  of  Mercury 
on  the  9th  of  November,  1802. 

Practical  astronomers  know  how  much  the  mounting  of  a  telescope 
contributes  to  produce  correct  observations.  The  difficulty  of  a  solid 
yet  very  movable  mounting  increases  rapidly  with  the  dimensions  and 
weight  of  an  instrument.  We  may  then  conceive  that  Herschel  had  to 
surmount  many  obstacles  in  mounting  a  telescope  suitably  of  which  the 
mirror  alone  weighed  upward  of  1,000  kilograms,  (a  ton.)  But  he 
solved  this  problem  to  his  entire  satisfaction  by  the  aid  of  a  combination 
of  spars,  pulleys,  and  ropes,  of  which  a  correct  idea  may  be  formed 
by  referring  to  the  woodcut  given  in  Arago's  Treatise  on  Popular 
Astronomy,  (Vol.  I.)  This  apparatus,  and  the  different  stands  that 
Herschel  devised  for  telescopes  of  smaller  dimensions,  assign  to  that 
llustrious  observer  a  distinguished  place  among  the  most  ingenious 
mechanics  of  our  age. 

The  public  in  general — I  may  even  say  the  greater  part  of  astronomers 
— know  not  what  was  the  eff'ect  that  the  great  forty-foot  telescope  had  in 
the  labors  and  discoveries  of  Herschel.  Still,  we  are  not  less  mistaken 
when  we  suppose  that  the  observer  of  Slough  always  used  this  telescope 
than  in  imagining,  with  Baron  von  Zach,  (see  Monatliche  Correspondenz^ 
January,  1802)  that  the  colossal  instrument  was  of  no  use  at  all;  that  it 
did  not  contribute  to  any  new  discovery ;  that  it  must  be  considered  as  a 
mere  object  of  curiosity.  These  assertions  are  distinctly  contradicted 
by  HerschePs  own  words.  In  the  volume  of  Philosophical  Transactions 
for  the  year  1795  (p.  350)  I  read,  for  example:  "On  the  28th  of  August, 
1789,  having  directed  my  telescope  (of  forty  feet)  to  the  heavens,  I  dis- 
covered the  sixth  satellite  of  Saturn,  and  I  i)erceived  the  spots  on  that 
planet  better  than  I  had  been  able  to  do  before."  (See  also  relative  to 
this  sixth  satellite  the  Philosophical  Transactions  for  1790,  p.  10.)  In 
that  same  volume  of  1790  (p.  11)  I  find:  "The  great  light  of  my  forty- 
foot  telescope  was  so  useful  that  on  the  17th  of  September,  1789,  I  re- 
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marked  the  seventh  satellite,  then  situated  at  its  greatest  vestem 
elongation." 

The  10th  of  October,  1791,  Herschel  saw  the  ring  of  Saturn  and  tk 
fourth  satellite,  looking  in  at  the  mirror  of  his  forty-foot  telescope,  with 
his  naked  eye,  without  any  kind  of  eye-piece. 

Let  us  acknowledge  the  true  motives  that  prevented  Herschel  from 
oftener  using  his  forty-foot  telescope.  Notwithstanding  the  excellence 
of  the  mechanism,  the  maneuvering  of  that  instrument  required  tbe 
constant  aid  of  two  laborers,  and  that  of  another  person  charged 
with  noting  the  time  at  the  clock.  Besides  this,  during  nights  when  tbe 
variation  of  temperature  was  considerable,  this  telescope,  on  acconntof 
its  great  mass,  was  always  behind  the  atmosphere  in  thermometric 
changes,*  giving  rise  to  a  diflference  of  density  in  the  air  within  and 
without  the  tube  very  injurious  to  the  distinctness  of  the  images. 

Herschel  found  that  in  England  there  are  not  above  a  hundred  hours 
in  a  year  during  which  the  heavens  can  be  advantageously  observed" 
with  a  telescope  of  forty  feet,  furnished  with  a  magnifying  power  of  a 
thousand.  This  remark  led  the  celebrated  astronomer  to  the  conclusion 
that  to  take  a  complete  survey  of  the  heavens  with  his  large  instrument, 
though  eaeh  successive  field  should  remain  only  for  an  instant  under 
inspection,  would  not  require  less  than  eight  hundred  years. 

He  explains  very  clearly  the  rare  occurrence  of  the  circumstances  in 
which  it  is  possible  to  make  good  use  of  a  telescope  of  forty  feet,  and 
of  very  large  aperture. 

A  telescope  does  not  magnify  real  objects  only,  but  magnifies  also 
the  apparent  irregularities  arising  from  atmospheric  refractions;  now, 
all  other  things  being  equal,  these  irregularities  of  refraction  must  be 
so  much  the  greater,  so  much  the  more  frequent,  as  the  stratum  of 
air  is  thicker  through  which  the  rays  have  passed  in  going  to  form  the 
image. 

Astronomers  expressed  extreme  surprise  when,  in  1782,  they  learned 
that  Herschel  had  applied  linear  magnifying  powers  of  a  thousand,  of 
twelve  hundred,  of  two  thousand  two  hundred,  of  two  thousand  six 
hundred,  and  even  of  six  thousand  times,  to  a  reflecting  telescope  of 
seven  feet  in  length.  The  Royal  Society  of  London  participated  in  this 
surprise,  and  officially  requested  Herschel  to  give  publicity  to  the 
means  he  had  adopted  for  using  such  amounts  of  magnifying  power 
in  his  telescopes.  Such  was  the  object  of  a  memoir  that  he  inserted 
in  Volume  LXXII  of  the  Philosophical  Transactions;  and  it  dissipated 
all  doubts.  No  one  will  be  surprised  that  magnifying  powers,  which  it 
would  seem  ought  to  have  shown  the  lunar  mountains  as  the  chain  of 
Mont  Blanc  is  seen  from  Ma9on,  from  Lyons,  and  even  from  Geneva, 
were  not  easily  believed  in.  They  did  not  know  that  Herschel  had 
never  used  magnifying  powers  of  three  thousand  and  six  thousaod 
times,  except  in  obser\T[ng  brilliant  stars;  they  had  not  rememberetl 
that  light  reflected  by  planetary  bodies  is  too  feeble  to  continue  distinct  * 
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tnder  the  same  degree  of  magnifying  power  as  the  direct  light  of  the 
ixed  stars  does. 

Opticians  had  given  up,  more  from  theory  than  from  careful  experi- 
aents,  attempting  high  magnifying  powers,  even  for  reflecting  telescopes, 
^hey  thought  that  the  image  of  a  small  circle  cannot  be  distinct,  cannot 
•e  sharp  at  the  edges,  unless  the  pencil  of  rays  coming  from  the  object 
a  nearly  parallel  lines,  and  which  enters  the  eye  after  having  passed 
hrough  the  eyepiece,  be  suiliciently  broad.  This  being  once  granted, 
bo  inference  followed  that  an  image  ceases  to  be  well  delined  when  it 
oes  not  strike  at  least  two  of  the  nervous  filaments  of  the  retina  with 
hich  that  organ  is  supposed  to  be  overspread.  These  gratuitous 
)iiclitions,  grafted  on  each  other,  vanished  in  presence  of  HerschePs 
[>servations.  After  having  put  himself  on  his  guard  against  the  effects 
r  diffraction — that  is  to  say,  against  the  scattering  that  light  undergoes 
hen  it  passes  the  terminal  angles  of  bodies — the  illustrious  astronomer 
roved,  in  178G,  that  objects  can  be  seen  well  deiined  by  means  of  pen- 
Is  of  light  whose  diameter  does  not  equal  live-tenths  of  a  milli  iieter. 

Herschel  considered  the  almost  unanimous  opinion  of  the  double-lens 
re-piece  being  preferable  to  the  single-lens  eyepiece  as  a  veiy  injurious 
rejudice  to  science,  since  experience  proved  to  him,  notwithstanding  all 
leoretic  deductions,  that,  with  equal  magnifying  powers,  in  reflecting 
'lescopes,  at  least  (and  this  restriction  is  of  some  consequence),  the 
aages  were  brighter  and  better  deflned  with  single  than  with  double 
y'e-pieces.  On  one  occasion  this  latter  eye-piece  could  not  show  him 
le  bands  of  Saturn,  while  by  the  aid  of  a  single  lens  they  were  perfectly 
isible.  Herschel  said:  ''The  double  eye-piece  must  be  left  to  amateurs, 
od  to  those  who,  for  some  particula/*  object,  require  a  large  lield  of  vis- 
m."    (Philosophical  Transactions,  1782,  pp.  94  and  95.) 

It  is  not  only  relative  to  tlie  comparative  merit  of  single  or  double 
jre-pieces  that  Herschel  difiers  in  opinion  from  opticians  generally, 
le  thinksj  moreover,  that  he  has  proved,  by  decisive  experiments,  that 
3ncave  eye-pieces  (like  that  used  by  Galileo)  surpass  the  convex  eye- 
iece,  both  as  regards  clearness  and  definition. 

Herschel  assigns  the  date  of  1770  to  the  experiments  which  he  made 
)  decide  this  question.  (Philosophical  Transactions,  year  1815,  p.  297.) 
lano-concave  and  double-concave  lenses  produced  similar  effects.  In 
hat  did.  these  lenses  differ  from  the  double-convex  lenses?  In  one 
articidar  only:  the  latter  received  the  rays  reflected  by  the  large  mir- 
3r  of  the  telescope  after  their  union  at  the  focus,  whereas  the  concave 
^nses  received  the  same  rays  before  that  union.  When  the  observer  ^ 
lailc  use  of  a  convex  lens,  the  rays  that  went  to  the  back  of  the  eye  to 
)rm  an  image  on  the  retina  had  previously  crossed  each  other  in  the  air, 
ut  no  crossing  of  this  kind  took  place  when  the  observer  used  a  con- 
ave  lens.  Holding  the  double  advantage  of  this  latter  sort  of  lens 
ver  the  other  as  quite  proved,  one  would  be  inclined,  like  Herschel, 
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to  admit  "that  a  certain  mechanical  effect,  injurious  to  clearness  and 
definition,  would  aecompany  the  focal  crossing  of  the  rays  of  light."* 

This  idea  of  the  crossing  of  the  rays  suggested  an  experiment, 
the  result  of  which  deserves  to  be  recorded.  A  telescope  of  ten 
English  feet  was  directed  toward  an  advertisement  covered  with  very 
small  printing,  and  placed  at  a  sufficient  distance.  The  convex  leos 
of  the  eye-piece  was  carried,  not  by  a  tube,  properly  so  called,  but  by 
four  fine  rigid  wires,  placed  at  right  angles;  this  arrangement  left 
the  focus  open  in  almost  every  direction.  A  concave  mirror  was  then 
placed  so  that  it  threw  a  very  condensed  image  of  the  sun  laterali? 
on  the  very  spot  where  the  image  of  the  advertisement  was  formed. 
The  solar  rays,  after  having  crossed  each  other,  finding  nothing 
on  their  route,  went  on  and  lost  themselves  in  space.  A  screen, 
however,  allowed  the  rays  to  be  intercepted  at  will  before  they  nnited. 
This  done,  having  applied  the  eye  to  the  eyepiece,  and  directed  all  his 
attention  to  the  telescopic  image  of  the  advertisement,  Herschel  did 
not  perceive  that  the  taking  away  and  then  replacing  the  screen  made 
the  least  change  in  the  brightness  or  definition  of  the  letters.  It  was, 
therefore,  of  no  consequence,  in  this  instance  as  well  as  in  the  other, 
whether  the  immense  quantity  of  solar  rays  crossed  each  other  at  the 
very  place  where,  in  another  direction^  the  rays  united  that  formed  the 
image  of  the  letters.  I  have  marked  in  Italics  the  words  that  especially 
show  in  what  this  curious  experiment  differs  from  the  previous  experi- 
ments, and  yet  does  not  entirely  contradict  them.  In  this  instance,  the 
rays  were  of  different  origin,  those  coming  from  the  advertisement  and 
those  from  the  sun  crossed  each  other,  respectively,  in  an  almost  rectan- 
gular direction;  while  in  the  comparative  examination  of  the  stars  with 
convex  and  with  concave  eye-pieces,  the  rays  that  seemed  to  have  a  mutnal 
influence  had  a  common  origin,  and  croSsed  each  other  at  very  acute 
angles.  There  seems  to  be  nothing,  then,  in  the  results  at  which  we 
need  to  be  much  surprised. 

Herschel  increased  the  catalogue,  already  so  extensive,  of  the  myste- 
ries of  vision,  when  he  explained  in  what  manner  we  must  endeavor  to 
distinguish  separately  the  two  members  of  certain  double  stars  very 
close  to  eaeh  other.  He  said,  "  If  you  wish  to  assure  yourself  that  15 
Coronae  is  a  double  star,  first  direct  your  telescope  to  a  Geminorom,  to 
C  Aquarii,  to  /jl  Draconis,  to  p  Herculis,  to  a  Piscium,  to  e  Lyrae.  Look 
at  those  stars  for  a  long  time,  so  as  to  acquire  the  habit  of  observing 
such  objects;  then  pass  on  to  ^  Ursae  majoris,  where  the  closeness  of 
the  two  members  is.  still  greater.    In  a  third  essay  select  t  Bootis, 

*  On  cornparing  the  Cassegrain  telescopes,  with  a  small  convex  mirror,  to  th6  Gre- 
gorian telescopes,  with  a  smaU  concave  mirror,  Captain  Kater  found  that  the  former, 
in  which  the  luminous  rays  do  not  cross  each  other  before  falling  on  the  small  mirror, 
possess,  as  to  intensity,  a  marked  advantage  over  the  latter,  in  which  this  crotfiof 
takes  place. 
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(marked  44  by  Flam  steed  and  i  in  Harris's  maps,)*  the  star  that  pre- 
cedes a  Ononis  n  of  the  same  constellation,  and  you  will  then  be  pre- 
pared for  the  more  difficult  observation  of  rj  Coronae.  Indeed,  rj  Coronge 
is  a  sort  of  miniature  of  i  Bootis,  which  may  itself  be  considered  as  a 
miniature  of  a  Geminorum."    (Philosophical  Transactions,  1782,  p.  100.) 

As  soon  as  Piazzi,  Gibers,  and  Harding  had  discovered  three  of  the 
numerous  telescopic  planets  now  known,  Herschel  pro[X)sed  to  himself 
to  determine  their  real  magnitudes;  but  telescopes  not  having  then  been 
applied  to  the  measurement  of  excessively  small  angles,  it  became  requi- 
site, in  order  to  avoid  any  illusion,  to  try  some  experiments  adapted  to 
giving  a  scale  of  the  powers  of  those  instruments.  Gf  the  labor  of  our 
indefatigable  astronomer  in  this  Hue,  I  am  going  to  give  a  condensed 
account. 

The  author  relates  first,  that  in  1774  he  endeavored  to  ascertain  ex- 
perimentally, with  the  naked  eye,  and  at  the  distance  of  distinct  vision, 
what  angle  a  circle  must  subtend  to  be  distinguished  by  its  form  from  a 
square  of  similar  dimensions.  The  angle  was  never  smaller  than  2'  17"; 
therefore,  at  its  maximum  it  was  about  one-fourteenth  of  the  angle  sub- 
tended by  the  diameter  of  the  moon. 

Herschel  did  not  say  of  what  nature  the  circles  and  squares  of 
paper  were  that  he  used,  nor  on  what  background  they  were  projected. 
It  is  an  omission  to  be  regretted,  since  in  those  phenomena  the  intensity 
of  light  must  be  an  important  feature.  However  it  may  have  been,  the 
scrupulous  observer,  not  daring  to  extend  to  telescopic  vision  what 
he  had  discovered  relative  to  vision  with  the  naked  eye,  he  undertook  to 
do  away  with  all  doubt  by  direct  observations. 

On  examining  some  heads  of  pins,  placed  at  a  distance  in  the  open 
air,  with  a  three-foot  telescope,  Herschel  could  easily  discern  that  those 
bodies  were  round  when  the  subtended  angles  became,  after  being 
magnified,  2'  19'^  This  is  almost  exactly  the  result  obtained'with  the 
naked  eye. 

When  the  globules  were  darker — when,  instead  of  pins'  heads,  small 
globules  of  sealing  wax  were  used — their  spherical  form  did  not  begin  to 
be  distinctly  visible  till  the  moment  when  the  subtended  magnified 
angles — that  is,  the  moment  when  the  natural  angle  multiplied  by  the 
magnifying  power — amounted  to  five  minutes. 

In  a  subsequent  series  of  experiments,  some  globules  of  silver,  placed 
very  far  from  the  observer,  allowed  their  globular  form  to  be  perceived, 
even  when  the  magnified  angle  remained  below  two  minutes. 

■ _l    ■  II  1  ■  I  . . .  _  I  I  I  I         ■■  I  M  _      I     1 L-»M- 

*  In  the  selection  of  i  Bootis  as  a  test,  Arago  has  taken  the  precantion  of  fi^viug  its 
corresponding  denomination  in  other  catalognes,  and  Bailey  appends  the  following  note. 
No.  2062,  to  44  Bootis :  ^'  In  the  British  Catalogue  this  star  is  not  denoted  hy  any  letter, 
bat  Bayer  calls  it  i,  and  on  referring  to  the  earliest  MS.  catalogue  in  MSS.  Vol.  XXV, 
I  find  it  is  there  so  designated ;  I  have  therefore  restored  the  letter/'  (See  Bailey's 
•dition  of  Flamsteed's  British  Catalogue  of  Stars,  1835.)  The  distance  between  the 
two  members  of  this  doable  star  is  3''.7,  and  position  23^.5.  (See  Bedford  Cycle.>— 
Tbakslator. 
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Under  equality  of  subtended  angle,  then,  the  telescopic  visiou  with 
strong  magnifying  powers  showed  itself  superior  to  the  naked-eye  vision. 
This  result  is  not  unimportfint. 

If  we  take  notice  of  the  magnifying  powers  used  by  Herscbel  in  tbese 
laborious  researches — powers  that  often  exceeded  live  hundred  liines-it 
will  appear  to  be  established  that  the  telescopes  possessed  by  moilem 
astronomers  may  serve  to  verify  the  round  form  of  distant  objects,  tlie 
form  of  celestial  bodies,  even  when  the  diameters  of  those  bodies  do  not 
subtend  naturally,  to  the  naked  eye,  angles  of  above  threetenthsof  a 
second;  and  500  multiplied  by  three-tenths  of  a  second  give  2'  30". 

Much  still  remained  to  be  learned  in  regard  to  refracting  telescopes; 
even  when  they  already  served  to  reveal  brilliant  astronomical  plienom 
ena;  the  result  was  due  rather  to  chance  than  to  definite  theory.  Tlieir 
theory,  as  far  as  it  depended  on  geometry  and  optics,  had  made  rapid 
progress.  These  two  early  phases  of  the  problem  leave  but  little  more 
to  be  wished  for;  it  is  not  so  with  a  third  i)hase,  hitherto  a  good  deal  ne 
glected,  connected  with  physiology,  and  with  the  action  of  light  on  tbe 
nervous  system.  Therefore,  we  should  search  in  vain  in  old  treatises  on 
optics  and  on  astronomy  for  a  strict  and  complete  discussion  on  the 
comparative  effect  that  the  size  and  intensity  of  the  images  that  the 
magnifyhig  power  and  the  aperture  of  a  telescope  may  have,  by  ni;;ht 
and  by  day,  on  the  visibility  of  the  fjiiutest  stars.  This  lacuna  Herscbel 
tried  to  fill  up  in  1799;  such  was  the  aim  of  the  memoir  entitled  '*0n 
the  Space-penetrating  Power  of  Telescopes.'' 

This  memoir  contains  excellent  things;  still  it  is  far  from  exhausting 
the  subject.  The  author,  for  instance,  entirely  overlooks  the  observa- 
tions made  by  day.  I  also  find  that  the  hypothetical  part  of  the  dis- 
cussion is  not  perhaps  as  distinctly  separated  from  the  rigorous  part  jis 
it  might  be;  that  doubtful  numbers,  though  given  with  a  degree  of 
precision* down  to  the  smallest  decimals,  do  not  contrast  well  as  terms 
of  comparison  with  those  which,  on  the  contrary,  rest  on  observations 
bearing  mathematical  evidence  of  correctness. 

Whatever  may  be  thought  of  these  remarks,  the  astronomer  or  the 
phj^sicist  who  would  like  again  to  undertake  the  question  of  visibility 
with  telescopes  will  find  some  important  facts  in  HerschePs  memoir, 
and  some  ingenious  observations,  well  adapted  to  serve  them  as  guides. 

LABORS  IN  SIDEREAL  ASTRONOMY. 

The  curious  phenomenon  of  a  periodical  change  of  intensity  in  certain 
stars  very  early  excited  the  earnest  attention  of  Herschel.  The  first  me- 
moir by  that  illustrious  observer,  presented  to  the  Royal  Society  of  Lon- 
don, and  inserted  in  the  Philosophical  Transactions,  treats  especially 
of  the  changes  of  intensity  of  the  star  o  in  the  neck  of  the  Whale, 

This  memoir  was  dated  from  Bath,  May,  1780.  Eleven  years  afterward, 
in  the  month  of  December,  1791,  Herschel  communicated  a  second  time 
to  that  celebrated  English  society  the  observations  that  he  had  issade  by 
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occasionally  directing  his  telescopes  to  this  mysterious  star.  At  both 
tliose epochs  the  observer's  attention  was  chiefly  directed  to  tjie  absolate 
values  of  the  maxima  and  minima  of  intensity. 

The  chau<?eable  star  in  tlie  Whale  was  not  the  only  periodical  star 
with  which  Herschel  occupied  himself.     His  observations  of  1795  and  of 
1796  proved  that  a  Herculis  also  belongs  to  the  category  of  variable 
stars,  and  that  the  time  requisite  for  the  accomplishment  of  all  the 
changes  of  intensity,  and  for  the  star's  return  to  any  given  state,  was 
sixty  days  and  a  quarter.    When  Herschel  obtained  this  result,  about 
ten  changeable  stars  were  already  known ;  but  they  were  all  either  of 
very  long  or  very  short  periods.    The  illustrious  astronomer  considered 
that  by  introducing  between  two  groups  that  exhibited  very  short  and 
very  long  periods  a  star  of  somewhat  intermediate  conditions — for  in- 
stance, one  requiring  sixty  days  to  accomplish  all  its  variations  of  inten- 
sity— he  had  advanced  the  theory  of  these  phenomena  by  an  essential 
step ;  the  theory  at  least  that  attributes  all  to  a  movement  of  rotation 
wliich  the  stars  may  undergo  round  their  centers. 

Sir  William  Herschel's  catalogues  of  double  stars  offer  a  considerable 
number  to  which  he  ascribes  a  decided  green  or  blue  tint.    In  binary 
combinations,  when  the  small  star  appears  very  blue  or  very  green,  the 
large  one  is  usually  yellow  or  red.    It  does  not  appear  that  the  great 
astronomer  took  sufficient  interest  in  this  circumstance.    I  do  not  find, 
indeed,  that  the  almost  constant  association  of  two  complementary  colors 
(of  yellow  and  blue,  or  of  red  and  green)  ever  led  him  to  suspect  that 
one  of  those  colors  might  not  have  anything  real  in  it,  that  it  often  might 
be  a  mere  illusion,  a  mere  result  of  contrast.     It  was  only  in  1825  that 
I  showed  that  there  are  stars  whose  contrast  really  explains  their  appar- 
ent color;  but  I  have  proved  besides  that  blue  is  incontestably  the  color 
of  certain  insulated  stars,  or  stars  that  have  only  white  ones,  or  other 
blue  ones,  in  their  vicinity.   Red  is  the  only  color  that  the  ancients  ever 
distinguished  from  white  in  their  catalogues. 

Herschel  also  endeavored  to  introduce  numbers  in  the  classification  of 
stars  as  to  magnitude;  he  has  endeavored,  by  means  of  these,  to 
show  the  comparative  intensity  of  a  star  of  the  first  magnitude  with  one 
of  second,  or  one  of  third  magnitude,  &c. 

In  one  of  the  earliest  of  Herschel's  memoirs,  we  find  that  the  apparent 
sidereal  diameters  are  proved  to  be  for  the  greater  part  factitious,  even 
when  the  best  telescopes  are  used.  Diameters  estimated  by  seconds — 
that  is  tOjSay,  reduced  according  to  the  magnifying  power — diminish  in 
certainty  as  the  magnifying  power  is  increased.  These  results  are  of  the 
greatest  importance. 

In  the  course  of  his  investigation  of  sidereal  parallax,  though  without 
finding  it,  Herschel  made  an  important  discovery — that  of  the  proper 
motion  of  our  system.  To  show  distinctly  the  direction  of  the  motion  of 
the  solar  system,  not  only  was  a  displacement  of  the  sidereal  perspective 
required,  but  profound  mathematical  knowledge,  and  a  peculiar  tact. 
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This  peculiar  tact  Herscbel  possessed  in  an  eminent  decree.  Moreover, 
the  result  deduced  from  the  very  small  number  of  i>roper  motions  known 
at  the  beginning  of  1783,  has  been  found  almost  to  agree  with  that  found 
recently  by  our  best  astronomers,  with  the  application  of  subtfle 
analytical  formulae,  to  a  considerable  number  of  exact  observations. 

The  proper  motions  of  the  stars  have  been  known  for  more  than  a 
century,  and  even  Fontenelle  used  to  say,  in  1738,  that  the  sun  has  pro- 
bably a  similar  motion.    The  idea  of  partly  attributing  the  displace- 
ment of  the  stars  to  a  motion  of  the  sun  had  suggested  itself  to  Bradley 
and  to  Mayer.    Lambert  especially  had  been  very  explicit  on  the  subject 
Until  then,  however,  there  were  only  conjectures  and  mere  probabihties. 
Herschel  passed  these  limits.    He  proved  that  the  sun   himself  posi- 
tively moves,  and  that  in  this  respect  that  immense  and  dazzling  body 
must  also  be  classed  among  the  stars ;  that  the  apparently  inextricable 
irregularities   of  numerous  sidereal   proper   motions    arise  in  great 
measure  from  the  displacement  of  the  solar  system;  that,  in  shorty  the 
point  of  space  toward  which  we  are  annually  advancing  is  situated  in 
the  constellation  of  Hercules. 

These  are  magnificent  results.  The  discovery  of  the  proper  motion  of 
our  system  will  always  be  accounted  among  Herschel's  highest  claims  to 
glory,  even  after  the  mention  that  my  duty  as  historian  Las  obliged  me 
to  make  of  the  anterior  conjectures  of  Fontenelle,  of  Bradley,  of  Mayer, 
and  of  Lambert. 

By  the  side  of  this  great  discovery  we  should  place  another,  that  seems 
likely  to  be  expanded  in  future.  The  results  which  it  allows  us  to  hope 
forwill  be  of  extreme  importance.  The  discovery  here  alluded  to  was 
announced  to  the  learned  world  in  1803 ;  it  is  that  of  the  reciprocal  de- 
pendence of  several  stars,  connected  the  one  with  the  other,  as  the 
several  planets  and  their  satellites  of  our  system  are  with  the  sun. 

Let  us  to  these  immortal  labors  add  the  ingenious  ideas  that  we  owe 
to  Herschel  on  the  nebulae,  on  the  constitution  of  the  Milky  Way,  on  the 
universe  as  a  whole — ideas  which  almost  by  themselves  constitute  the 
actual  history  of  the  formation  of  the  worlds — and  we  cannot  have  too 
deep  a  reverence  for  that  powerful  genius  that  notwithstanding  the 
play  of  an  ardent  imagination  scarcely  ever  erred. 

LABORS  BELATrVE  TO  THE  SOLAB  SYSTEM. 

Herschel  devoted  much  time  to  the  sun,  but  only  relative  to  its  physical 
constitution.  The  observations  that  he  made  on  this  subject,  and  the 
consequences  that  he  deduced  from  them,  equal  in  interest  the  mosi 
ingenious  discoveries  for  which  the  sciences  are  indebted  to  him. 

In  his  important  memoir  in  1795,  the  great  astronomer  declares  him- 
self convinced  that  the  substance  by  the  intermediation  of  which  the 
sun  shines  cannot  be  either  a  liquid  or  an  elastic  fluid.  It  must  be 
analogous  to  our  clouds,  and  float  in  the  transparent  atmosphere  of  that 
body.    The  sun  has,  accordiwg  to  bivxi,  t^o  ^t\xio%^h<>re8^  endowed  with 
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motions  quite  independent  of  each  other.  An  elastic  fluid  of  an  unknown 
nature  is  being  constantly  formed  on  the  dark  surface  of  the  sun,  and 
rising  up,  on  account  of  its  specific  lightness,  it  forms  the  pores  in  the 
stratum  of  reflecting  clouds;  then,  combining  with  other  gases,  it  pro- 
duces the  striflB  in  the  region  of  luminous  clouds.  When  the  ascend- 
ing currents  are  powerful,  they  give  rise  to  the  nuclei.,  to  penumbrcBj  and 
the  faciiUe.  If  this  explanation  of  the  formation  of  solar  spots  is  well 
founded,  we  must  expect  to  find  that  the  sun  does  not  constantly  emit 
equal  quantities  of  light  and  heat.  Recent  observations  have  verified 
this  conclusion.  But  large  nuclei,  large  penumbrie,  striae,  faculae,  do 
they  indicate  an  abundant,  luminous,  and  calorific  emission,  as  Herschel 
supposed!  That  would  be  the  result  of  his  hypothesis  on  the  exist- 
ence of  very  active  ascending  currents,  but  direct  experience  seems  to 
contradict  it. 

The  following  is  the  way  in  which  a  learned  physicist.  Sir  David 
Brewster,  appreciates  this  view  of  HerschePs:  "It  is  not  concei viable 
that  luminous  clouds,  ceding  to  the  lightest  impulses  and  in  a  state  of 
constant  change,  can  be  the  source  of  the  sun's  devouring  flame  and  of 
the  dazzling  light  which  it  emits ;  nor  can  we  admit,  besides,  that  the 
feeble  barrier  formed  by  planetary  clouds  would  shelter  the  objects 
that  it  might  cover  from  the  destructive  effects  of  the  superior  elements." 
Sir  David  Brewster  imagines  that  the  non-luminous  rays  of  caloric, 
which  form  a  constituent  part  of  the  solar  light,  are  emitted  by  the  dark 
nucleus  of  the  sun;  while  the  visible  colored  rays  proceed  from  the 
luminous  matter  by  which  the  nucleus  is  surrounded.  "  From  thence," 
he  says,  "  proceeds  the  reason  of  light  and  heat  always  appearing  in  a 
state  of  combination ;  the  one  emanation  cannot  be  obtained  without 
the  other.  With  this  hypothesis  we  could  readily  explain  why  it  is 
hottest  when  there  are  most  spots,  because  the  heat  of  the  nucleus  would 
then  reach  us  without  having  been  weakened  by  the  atmosphere  that  it 
usually  has  to  traverse."  But  it  is  fiir  from  being  an  ascertained  fact 
that  we  experience  increased  heat  during  the  apparition  of  solar  spots; 
the  inverse  phenomenon  is  more  probably  true. 

Herschel  also  studied  the  physical  constitution  of  the  moon.  In  1780, 
he  sought  to  measure  the  height  of  the  mountains  of  our  satellite.  The 
conclusion  that  he  drew  from  his  observations  was,  that  few  of  the  lunar 
mountains  exceed  800  meters,  (or  2,600  feet.)  More  recent  seleno- 
graphic  observations  give  conclusions  different  from  this.  There  is 
reason  to  remark,  on  this  occasion,  how  much  the  result  presented  by 
Herschel  differs  from  any  tendency  to  the  extraordinary  or  the  gigantic, 
that  has  been  so  unjustly  assigned  as  the  characteristic  of  the  illustrious 
astronomer. 

At  the  close  of  1787,  Herschel  presented  a  memoir  to  the  Royal  So- 
ciety, the  title  of  which  must  have  made  a  strong  impression  on  the«popu- 
lar  mind.  The  author  therein  relates  that,  on  the  19th  of  April,  1787, 
he  had  observed  in  the  non-illuminated  part  of  the  moon — that  is,  in 
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the  then  dark  portion — three  volcanoes  in  a  state  of  ignition.  Two  of 
these  volcanoes  appeared  to  be  on  the  decline,  the  other  appeared  to  be  ac- 
tive. Such  was  his  conviction  of  the  reality  of  the  phenomenon,  tliat  the 
next  morning  he  made  the  following  record :  '*The  volcano  burns  vith 
more  violence  than  last  night."  The  real  diameter  of  the  volciinic  light 
was  5,000  meters,  (1G,400  English  feet.)  Its  intensity  appeared  very 
superior  to  that  of  the  nucleus  of  a  comet  then  in  apparition.  He 
further  added :  "  The  objects  situated  near  the  crater  are  feebly  illumin- 
ated by  the  light  that  emanates  from  it ;"  and  concludes  thus :  '*  In  short, 
this  eruption  very  much  resembles  the  one  I  witnessed  on  the  4th  of 
May,  1783.'' 

How  happens  it,  after  such  exact  observations,  that  few  astronomers 
now  admit  the  existence  of  active  volcanoes  in  the  moon  f  I  will  explain 
this  singularity  in  a  few  words. 

The  various  parts  of  our  satellite  do  not  all  equally  reflect  light.  Here, 
it  may  depend  on  the  form,  elsewhere,  on  the  nature  of  the  materials. 
Those  who  have  examined  the  moon  with  telescopes  know  how  ve.7 
considerable  the  difference  arising  from  these  two  causes  may  be,  how 
much  brighter  one  point  of  the  moon  sometimes  is  than  those  aroand 
it.  Now,  it  is  quite  evident  that  the  relations  of  intensity  between  the 
faint  parts  and  the  brilliant  ones  must  continue  to  exist,  whatever  he 
the  origin  of  the  illuminating  light.  In  the  portion  of  the  lunar  globe 
that  is  illuminated  by  the  sun  there  are,  everyone  knows,  some  points^ 
the  brightness  of  which  is  extraordinary  compared  to  those  around  tbem; 
those  same  points,  when  they  are  seen  in  that  portion  of  the  moon  that  is 
only  lighted  by  the  earth,  or  in  the  ash-colored  part,  will  still  predominate 
over  the  neighboring  regions  by  their  comparative  intensity.  Thus  we 
may  explain  the  observations  of  the  Slough  astronomer,  without  recur- 
ring to  volcanoes.  While  the  observer  was  studying  in  the  non-ilhimin- 
ated  portion  of  the  moon  the  supposed  volcano  of  the  20th  of  April, 
1787,  his  nine-foot  telescope  showed  him  in  truth,  by  the  aid  of  the 
secondary  rays  proceeding  from  the  earth,  even  the  darkest  spots. 

Herschel  did  not  recur  to  the  discussion  of  the  supposed  actUcilly 
burning  lunar  volcanoes  until  1791.  In  the  volume  of  the  Philosophical 
Transactions  for  1792,  he  relates  that  in  directing  a  twenty-foot  telescope, 
magnifying  three  hundred  and  sixty  times,  to  the  entirely  eclipsed  moon, 
on  the  22d  of  October,  1700,  there  were  visible,  over  the  whole  face  of 
the  satellite,  about  a  hundred  and  fifty  very  luminous  red  points.  The 
author  declares  that  he  will  observe  the  greatest  reserve  relative  to  the 
nature  of  all  these  points,  their  great  brightness,  and  their  remarkable 
color. 

Yet  is  not  red  the  usual  color  of  the  moon  when  eclipsed,  and  when 
it  has  not  entirely  disappeared  f  Could  the  solar  rays  reaching  onr 
satellite  by  the  effect  of  refraction,  and  after  an  absorption  expenenced 
in  the  lowest  strata  of  the  terrestrial  atmosphere,  receive  any  other  tint! 
Are  there  not  in  the  moon,  when  freely  illuminated,  and  opposite  to  the 
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sxin,  from  one  to  two  hundred  little  points,  remarkable  by  the  brightness 
of  their  light  ?  Would  it  be  possible  for  these  little  points  not  to  be 
al.<io  distinguishable  in  the  moon  when  it  receives  only  the  portion  of 
solar  light  which  is  refracted  and  colored  by  our  atmosphere! 

Herschel  was  more  successful  in  his  remarks  on  the  absence  of  a  lunar 
atmosphere.  During  the  solar  eclipse  of  the  5th  September,  1793,  the 
illustrious  astronomer  particularly  directed  his  attention  to  the  shape 
of  the  acute  horn  resulting  from  the  intersection  of  the  limbs  of  the  moon 
and  of  the  sun.  He  deduced  from  his  observation  that  if  toward  the 
point  of  the  horn  there  had  been  a  deviation  of  only  one  second,  occa- 
sioned by  the  refraction  of  the  solar  light  in  the  lunar  atmosphere,  it 
would  not  have  escaped  him. 

He  also  made  the  planets  the  object  of-  numerous  researches.  Mer- 
cury was  the  one  to  which  he  gave  least  attention ;  he  found  its  disk 
perfectly  round  on  observing  it  during  its  projection — that  is  to  say,  in 
astronomical  language,  during  its  transit  over  the  sun,  on  the  9th  of 
November,  1802.  He  sought  to  determine  the  time  of  the  rotation  of 
Venus  as  early  as  1777.  He  published  two  memoirs  relative  to  Mars, 
the  one  in  1781,  the  other  in  1784,  and  we  owe  to  him  the  discovery  of  its 
being  flattened  at  the  poles.  After  the  discovery  of  the  small  planets, 
Ceres,  Pallas,  Juno,  and  Vesta,  by  Piazzi,  Olbers,  and  Harding,  Her 
schel  applied  himself  to  measuring  their  angular  diameters.  He  conclud<j(l 
from  his  researches  that  those  four  new  bodies  did  not  deserve  the  name 
of  planets,  and  he  proposed  to  call  them  asteroids.  This  epithet  wjis 
subsequently'^  adopted,  though  bitterly  criticised  by  a  historian  of  the 
Royal  Society  of  London,  Dr.  Thomson,  who  went  so  far  as  to  suggest 
that  the  learned  astronomer  •*  had  wished  to  deprive  the  first  observers 
of  those  bodies  of  all  idea  of  rating  themselves  as  high  as  himself  in  the 
scale  of  astronomical  discoverers."  I  should  require  nothing  further 
to  annihilate  such  an  imputation  than  to  put  it  by  the  side  of  the  fol- 
lowing passage,  extracted  from  a  memoir  by  this  celebrated  astronomer, 
published  in  the  Philosophical  Transactions  for  the  year  1805:  "The 
specific  difference  existing  between  planets  and  asteroids  appears  now, 
by  the  addition  of  a  third  individual  of  the  latter  species,  to  be  more 
completely  established,  and  that  circumstance,  in  my  opinion,  has  added 
more  to  the  ornament  of  our  system  than  the  discovery  of  a  new.  planet 
could  have  done." 

Although  much  has  not  resulted  from  Herschel's  investigations  in 
regard  to  the  physical  constitution  of  Jupiter,  astronomy  is  indebted  to 
him  for  several  important  results  relative  to  the  time  of  that  planet's 
rotation.  He  also  made  numerous  observations  on  the  distances  and 
comparative  magnitude  of  its  satellites. 

The  compression  of  Saturn,  the  duration  of  its  rotation,  the  physical 
constitution  of  this  planet  and  that  of  its  ring,  were,  on  the  part  of 
Herschel,  the  object  of  numerous  researches  which  have  much  contributed 
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to  the  progress  of  planetary  astronomy.    But  on  this  subject  two  im- 
I)ortant  discoveries  especially  added  new  glory  to  his  name. 

.Of  the  five  known  satellites  of  Saturn  at  the  close  of  tbe  seventeenth 
century,  Huy gen 8  had  discovered  the  fourth ;  Cassini  the  others. 

The  field  seemed  to  be  exhausted,  when  news  from  Slough  annouDced 
that  this  was  a  mistake. 

On  the  28th  of  August,  1789,  the  great  forty-foot  telescope  revealed 
to  Herschel  a  satellite  still  nearer  to  the  ring  than  the  other  five  already 
observed.  According  to  the  principles  of  the  nomenclature  previously 
adopted,  the  small  body  of  the  28th  August  ought  to  have  been  called 
the  first  satellite  of  Saturn;  the  numbers  indicating  the  places  of  the  other 
five  would  then  have  been  each  increased  by  a  unity.  But  the  fear  of 
introducing  confusion  into  scjence  by  these  continual  changes  of  denom- 
ination induced  a  preference  for  calling  the  new  satellite  the  sixth. 

Thanks  to  the  prodigious  powers  of  the  forty-foot  telescope,  a  last 
satellite,  the  seventh,  showed  itself  on  the  17th  of  September,  1789, 
between  the  sixth  and  the  ring.  . 

This  seventh  satellite  is  extremely  faint.  Herschel,  however,  suc- 
ceeded in  seeing  it  whenever  circumstances  were  very  favorable,  even 
by  the  aid  of  the  twenty-foot  telescope. 

The  discovery  of  the  planet  Uranus,  and  the  detection  of  its  satellites, 
will  always  occupy  one  of  the  highest  i^laces  among  those  by  which 
iffodern  astronomy  is  honored. 

On  the  13th  of  March,  1781,  between  ten  and  eleven  o'clock  at  night, 
while  Herschel  was  examining  the  small  stars  near  H  Geminorum  with  a 
seven-foot  telescope,  bearing  a  magnifying  power  of  two  hundred  and 
twenty-seven  times,  one  of  these  stars  seemed  to  have  an  unusual 
diameter,  and  it  w^as,  therefore,  thought  to  be  a  comet.  It  was  under 
this  denomination  that  it  was  discussed  at  the  Royal  Society  of  London. 
But  the  researches  of  Herschel  and  of  Laplace  showed  later  that  the 
orbit  of  the  new  body  was  nearly  circular,  and  Uranus  was  conse- 
quently elevated  to  the  rank  of  a  planet. 

The  immense  distance  of  Uranus,  its  small  angular  diameter,  and  the 
feebleness  of  its  light,  scarcely  allowed  the  hope  that,  if  that  body  had 
satellites,  they  could  be  perceived  from  the  earth.  Herschel  was  not 
a  man  to  be  deterred  by  such  discouraging  conjectures.  Therefore,  since 
powerful  telescopes  of  the  ordinary  construction — that  is  to  say,  with 
two  mirrors  conjugated — had  not  enabled  him  to  discover  anythiuff,  he 
substituted,  in  the  beginning  of  January,  11^1  j  front-view  telescopes— 
that  is,  telescopes  throwing  much  more  light  on  the  objects,  the  small- 
mirror  being  then  suppressed,  and  with  it  one  of  the  causes  of  loss  of 
light  is  got  rid  of. 

By  this  means,  with  patient  labor  and  observations  requiring  a  rare 

perseverance,  Herschel  made  (from  the  11th  of  January,  1787,  to  the 

28th  of  February,  1794)  the  discovery  of  the  six  satellites  of  his  planet, 

and  thus  completed  the  sytsteia  of  worlds  that  belongs  entirely  to  him* 

Belf. 
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Tliere  are  several  of  HerschePs  memoirs  on  comets.  In  analyzing 
bem  we  shall  see  tluit  tbis  acute  observer  could  not  touch  anything 
without  making  further  discoveries  in  regard  to  it. 

He  applied  some  of  bis  line  instruments  to  the  study  of  the  physical 
onstitution  of  a  comet  discovered  by  Mr.  Pigott,  on  the  28th  September, 
807.  The  nucleus  was  round  and  well-determined.  Some  measures  taken 
n  the  day  when  the  nucleus  subtended  only  an  angle  of  a  single  second 
;ave  as  its  real  diameter  j^  of  the  diameter  of  the  earth. 

Herschel  saw  no  phase  at  an  epoch  when  only  ^  of  the  nucleus  could 
►e  illuminated  by  the  sun.  The  nuclei^s  then  must  shine  by  its  own 
Ight. 

This  is  a  legitimate  inference  in  the  opinion  of  every  one  who  will 
illow,  on  the  one  hand,  that  the  nucleus  is  a  solid  body,  and  on  the  other, 
hat  it  would  havebeen  possible  to  observe  a  phase  of  ^^  on  a  disk  whose 
apparent  total  diameter  did  not  exceed  one  or  two  seconds  of  a  degree. 

Very  small  stars  seemed  to  grow  much  paler  when  they  were  seen 
hrough  the  coma  or  through  the  tail  of  the  comet. 

This  faintness  may  have  only  been  apparent,  and  might  arise  from 
;he  circumstance  of  the  stars  being  then  projected  on  a  luminous  back- 
^und.  Such  is,  indeed,  the  explanation  adopted  by  Herschel.  A 
gaseous  medium,  capable  of  reflecting  sufficient  solar  light  to  efface  that 
)f  some  stars,  would  appear  to  him  to  possess  in  each  stratum  a  sensi- 
t)le  quantity  of  matter,  and  to  be,  for  that  reason,  a  cause  of  real  dimi* 
nution  of  the  light  transmitted,  though  nothing  reveals  the  existence  of 
such  a  cause. 

This  argument,  offered  by  Herschel  in  favor  of  the  system  which 
transforms  comets  into  self-luminous  bodies,  has  not,  as  we  may  perceive, 
much  force.  I  might  venture  to  say  as  much  of  several  other  remarks 
by  this  great  observer.  He  tells  us  that  the  comet  was  distinctly  visible 
in  the  telescope  on  the  21st  of  February,  1808 ;  now,  on  that  day,  its  dis- 
tance from  the  sun  amounted  to  2.7  times  the  mean  radius  of  the  terres- 
trial orbit;  its  distance  from  the  observer  was  2,9 :  '*  What  probability 
would  there  be  that  rays  going  to  such  distances,  from  the  sun  to  the 
comet,  could,  after  their  reflection,  be  seen  by  an  eye  nearly  three  times 
more  distant  from  the  comet  than  from  the  sun  ?  " 

It  is  only  numerical  determinations  that  could  give  value  to  such  an 
argument.  By  satisfying  himself  with  vague  reasoning,  Herschel  did 
not  even  perceive  that  he  was  committing  a  great  mistake  by  making 
the  comet's  distance  from  the  observer  appear  to  be  an  element  of  visi- 
bility. If  the  comet  be  self-luminous,  its  intrinsic  splendor  (its  bright- 
ness for  unity  of  surface)  will  remain  constant  at  any  distance,  as  long 
as  the  subtended  angle  remains  sensible.  If  the  body  shines  by  bor- 
rowed light,  its  brightness  will  vary  only  according  to  its  change  of  dis- 
tance from  the  sun ;  nor  will  the  distance  of  the  observer  occasion  any 
change  in  the  visibility ;  always,  let  it  be  understood,  with  the  restriction 
that  the  apparent  diameter  shall  not  be  diminva\iedbe\o\^  ^i«t\».\\!L\vxsi>^^, 
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Herscbel  finished  liis  observations  of  a  comet  that  was  visible  in  Janu- 
ary, 1807,  with  the  following  remark : 

''  Of  the  sixteen  telescopic  comets  that  I  have  examined,  fonrtecn  bad 
no  solid  body  visible  at  their  center;  the  other  two  exhibited  a  central 
light,  very  ill-defined,  that  might  be  termed  a  nucleus,  but  a  Hgbt  that 
certainly  could  not  deserve  the  name  of  a  disk." 

The  beautiful  comet  of  1811  became  the  object  of  his  conscientious 
labor.  With  large  telescopes  he  saw,  in  the  midst  of  the  gaseous 
head,  a  reddish  body  of  planetary  appearance,  which  bore  strong 
magnifying  powers,  and  showed  no  sign  of  phase.  Hence  Herschel 
concluded  that  it  was  self-luminous.  Yet  if  we  reflect  that  the  planetary 
body  under  consideration  was  not  a  second  in  diameter,  the  absence  of 
a  phase  does  not  appear  a  conclusive  argument. 

The  light  of  the  head  had  a  bluish-green  tint.  Was  this  a  real  tint, 
or  did  the  central  reddish  body,  only  through  contrast,  cause  the  sur- 
rounding vapor  to  appear  colored?  Herschel  did  not  examine  the 
question  from  this  point  of  view. 

The  head  of  the  comet  appeared  to  be  enveloped  at  a  certain  distance, 
on  the  side  toward  the  sun,  by  a  brilliant  narrow  zone,  embraciDg 
about  a  semicircle,  and  of  a  yellowish  color.  From  the  two  extremities 
of  the  semicircle  there  arose,  toward  the  region  away  from  the  sun,  two 
long  luminous  streaks  which  limited  the  tail.  Between  the  brilliant 
circular  semi-ring  and  the  head,  the  cometary  substance  seemed  dark, 
very  rare,  and  very  diaphanous. 

The  luminous  semi-ring  always  presente<l  similar  appearances  in  all  the 
positions  of  the  comet ;  it  was  not  then  possible  to  attribute  to  it  really  the 
annular  form — the  shape  of  Saturn's  ring,  for  example.  Herschel  sought 
whether  a  spherical  semi-envelopeof  luminous  matter,  and  yet  diapha- 
nous, would  not  lead  to  a  natural  explanation  of  the  phenomenon.  In 
this  hypothesis,  the  visual  rays,  which  on  the  6th  of  October,  1811,  trav- 
ersed a  thickness  of  matter  of  about  399,000  kilometers,  (248,000  English 
miles,)  while  the  visual  rays  near  the  head  of  the  comet  did  not  meet  above 
80,000  kilometers  (50,000  miles)  of  matter.  As  the  brightness  must  be 
proportional  to  the  quantity  of  matter  traversed,  there  could  not  fail  to 
be  an  appearance  around  the  comet  of  a  semiring  five  times  more  In- 
rainous  than  the  central  regions.  This  semi-ring,  then,  was  an  effect  of 
projection,  and  it  has  revealed  a  circumstance  to  us  truly  remarkable  in 
the  physical  constitution  of  comets. 

The  two  luminous  streaks  that  outlined  the  tail  at  its  two  limits  may 
be  explained  in  a  similar  manner;  the  tail  was  not  flat,  as  it  appeared 
to  be ;  it  had  the  form  of  a  conoid,  with  its  sides  of  a  certain  thickness. 
The  visual  lines  which  traversed  those  sides  almost  tangentially  evi- 
dently met  much  more  matter  than  the  visual  lines  passing  across. 
This  maximum  of  matter  could  not  fail  of  being  represented  by  a  max- 
imum of  light. 

Tiie  luminous  semi-rmg  a\>\)e».T^(\  o\i^  v\^?c^  \,^  \i^  ^w:^^wded  in  the 
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cliaplianous  atmosphere  by  which  the  head  of  the  comet  was  surrounded, 
at  a  distance  of  518,000  kilometers  (322,000  English  miles)  IVom  the 
nucleus. 

This  distance  was  not  constant.  The  matter  of  the  semi-annular  en- 
velope seemed  even  to  be  precipitated  by  slow  degrees  through  the 
diaphanous  atmosphere;  finally  it  reached  the  nucleus;  the  earlier  ap- 
pearances vanished  ;  the  comet  was  reduced  to  a  globular  nebula. 

During  its  period  of  dissolution,  the  ring  appeared  sometimes  to  have 
several  branches. 

The  luminous  shreds  of  the  tail  seemed  to  undergo  rapid,  frequent, 
and  considerable  variations  of  length.  Herschel  discerned  symptoms  of 
a  movement  of  rotation  both  in  the  comet  and  in  its  tail.  This  rota- 
tory motion  carried  unequal  shreds  from  the  center  toward  the  border, 
and  reciprocally.  On  looking  from  time  to  time  at  the  same  region  of 
the  tail — at  the  border,  for  example — sensible  changes  of  length  must 
Lave  been  perceptible,  which,  however,  had  no  iva\  existence.  Herschel 
thought,  as  I  have  already  said,  that  the  beautiful  comet  of  1811  and 
that  of  1807  were  self  luminous.  The  second  comet  of  1811  appeared  to 
him  to  shine  onl3'  by  borrowed  light.  It  must  be  acknowledged  that 
these  conjectures  did  not  rest  on  anything  demonstrative. 

In  attentively  comparing  the  comet  of  1807  with  the  beautiful  comet 
of  1811,  relative  to  the  changes  of  distance  from  the  sun,  and  the  modi- 
fications resulting  thence,  Herschel  put  it  beyond  doubt  that  these  modi- 
fications have  something  individual  in  them,  something  relative  to  a 
special  state  of  the  nebulous  matter.  On  one  celestial  body  the  changes 
of  distance  produce  an  enormous  effect ;  on  another  the  modifications 
are  insignificant. 

OPTICAL  LABORS. 

I  shall  say  very  little  as  to  the  discoveries  that  Herschel  made  in  phys- 
ics, since  every  one  is  familiar  with  them.  They  are  to  be  found  in  all 
elementary  works,  and  are  given  in  verbal  instruction ;  they  must  be  con- 
sidered as  the  starting-point  of  a  multitude  of  important  labors  with 
which  the  sciences  have  been  enriched  during  later  years. 

The  chief  of  these  is  that  of  the  dark  radiating  heat  which  is  found 
mixed  with  light. 

In  studying  the  phenomena,  not  with  the  eye,  as  Newton  did,  but 
with  a  thermometer,  Herschel  discovered  that  the  solar  spectrum  is  pro- 
longed on  the  red  side  far  beyond  the  visible  limits.  The  thermometer 
sometimes  rose  higher  in  the  dark  region  than  in  the  midst  of  brilliant 
zones.  The  light  of  the  sun,  then,  contains,  besides  the  colored  rays  so 
well  characterized  by  Newton,  invisible  rays,  still  less  refrangible 
than  the  red,  and  whose  warming  power  is  very  considerable.  A  world 
of  discoveries  has  arisen  from  this  fundamental  fact. 

The  dark  ray  emanating  from  terrestrial  objects  more  or  less  heated 
also  became  the  subject  of  HerscheFs  investigations.  His  work  contained 
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the  germs  of  a  large  number  of  beautiful  experiments  more  folly  devel- 
oped  in  our  own  day. 

By  successively  placing  the  thermometer  in  all  parts  of  the  solar 
spectrum,  he  determined  the  illuminating  powers  of  the  various  prismatic 
rays.   The  general  result  of  these  experiments  may  be  thus  enunciated: 
The  illuminating  power  of  the  red  rays  is  not  very  great ;   that  of  tbe 
orange  rays  surpasses  it,  and  is  in  its  turn  surpassed  by  the  power  of 
the  yellow  rays.    The  maximum  power  of  illumination  is  found  between 
the  brighest  yellow  and  the  palest  green.    The  yellow  and  the  preen 
possess  this  power  equally.    A  like  assimilation  may  be  laid  down  b^ 
tween  the  blue  and  the  red.    Finally,  the  power  of  illumination  in  the 
indigo  rays,  and  above  all  in  the  violet,  is  very  weak. 

The  memoirs  of  Herschel  on  Newton's  colored  rings,  though  con- 
taining a  multitude  of  exact  experiments,  have  not  contributed  much 
to  advance  the  theory  of  those  curious  phenomena.  I  Lave  learned, 
from  good  authority,  that  he  himself  held  the  same  ox)inion.  He 
said  that  it  was  the  only  occasion  on  which  he  had  reason  to  regret 
having,  according  to  his  constant  custom,  published  his  labors  immedi- 
ately.as  fast  as  they  were  performed. 
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[from    the    AltCUlVES    DES  SCIENCES  PHYSIQUES  ET  NATURELLES,   GENEVA.] 


Translated  for  ihe  Smithsonian  Report, 

The  processes  of  scieutifie  investigation  have  never  been  reduced  to 
definite  rules,  and  frequently  methods  are  adopted  of  the  most  opposite 
chanicter.  Sometimes,  impelled  by  the  impulse  of  his  genius  to  achieve 
immediate  distinction  the  scientist  discards  beaten  tracks  and  attempts 
to  explore  new  regions  by  assays  almost  without  a  definite  plan  in  a 
predetermined  direction,  and  although  theresultsof  histrialsin  most  cases 
are  of  a  negative  character,  yet  he  occasionally  lights  upon  facts  rich  in 
the  indications  of  scientific  principles.  Sometimes,  less  a  lover  of  nov- 
elty than  of  precision  of  knowledge,  he  prefers  the  critical  examina- 
tion of  some  region  i)reviously  traversed  by  others  in  order  to  give  it 
that  minute  investigation  required  in  every  part  of  the  domain  of 
modern  science,  and  thus  unostentatiously  contributes  essentially  to 
the  advance  of  science.  These  two  methods  are  both  fruitful  and 
should  not  bo  entirely  separated.  The  first,  perhaps  the  more  brilliant, 
requires  an  undaunted  spirit,  a  creative  genius.  The  second,  more 
modest,  but  also  more  sure,  requires  extensive  erudition,  a  critical  mind, 
and  great  talent  for  experimentation. 

The  scientific  career  we  are  about  to  portray  belonged  essentially  to 
the  latter  class.  The  part  of  Magnus  was  less  to  discover  new  phe- 
nomena than  to  reinvestigate  and  render  morQ  definite  those  already 
known.  Such  was  the  precision  of  his  researches  that  he  was  fre- 
quently enabled  to  draw  new  truths  from  subjects  apparently  exhausted, 
and,  in  some  cases,  even  to  transform  entirely,  propositions  generally 
admitted  as  truths.  He  valued  little  bold  conceptions  and  even  inge- 
nious hypotheses  when  not  supported  by  rigorous  demonstration,  while 
a  fact  apparently  the  most  insignificant  he  would  frequently  regard  as 
of  the  highest  importance,  provided  it  was  fully  established.  Exact  and 
conscientious  in  the  extreme,  he  concentrated  his  efforts  upon  the 
minutisB  of  his  investigations,  removing  with  the  greatest  care  every 
cause  of  uncertainty.  Of  cautious  and  candid  judgment  he  was  not 
ready  to  find  his  scientific  colleagues  in  error ;  and  when  a  disagreement 
occurred  between  his  results  and  those  of  another,  his  first  impulse  was 
to  look  for  a  mistake  in  his  own  experiments.  Essentially  modest, 
loving  science  for  its  own  sake,  and  forgetful  of  self,  he  did  not  shrink 
'from  the  most  arduous  labors,  from  investigations  apparently  the  most 
unremunerative,  and  in  this  way,  without  ostentation,  almost  uncon- 
siously  he  gsiined  a  solid  and  lasting  reputation. 
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Henri  Gustave  Magnus  was  born  in  Berlin,  May  2, 1802.    He  belonged 
to  one  of  tbe  most  honorable  families  of  that  city.     From  his  earliest 
infancy  he  manifested  peculiar  aptitude  for  the  exact  sciences  and  pre- 
ferred study  to  the  ordinary  amusements  of  childhood.     He  passed 
through  all  the  grades  at  the  academy  of  Berlin,  and  received  the  dej^p 
of  Doctor  in  1827.    His  first  researches  were  made  in  the  laboratory  of 
Mitscherlich ;  he  next  pursued  his  studies  under  Berzdlius  at  Stockholm, 
where  he  passed  the  year  1828.    Thence  he  went  to  Paris  where,  in  the 
laboratory  of  Gay  Lussac  ho  prepared  himself  for    the  interesting 
experiments  which  he  undertook  a  few  years  later.    Returning  to  his 
native  city  he  soon  obtained  a  reputation  jis  an  instructor,  which  he 
ever  after  sustained  with  great  distinction  and  unflagging  zeal.    He 
entered  upon  this  career  as  private  tutor;  was  nominated  in  1834  extra 
professor,  and  in  1845  ordinary  professor  of  physics  and  technology  in 
the  university  of  which  he  became  one  of  the  brightest  ornaments.    He 
exercLsed  an  important  influence  in  developing  a  taste  for  the  study  of 
l)hysics,  as  well  as  in  imparting  a  knowledge  of  its  principles  iu  their 
most  varied  applications.    For  the  illustration  of  the  subjects  of  his 
lectures  he  formed  the  physical  cabinet  of  the  university,  which  was 
enriched  after  his  death  by  the  valuable  collection  of  apparatus  belong- 
ing to  himself. 

His  first  labors  were  devoted  to  physical  chemistry.  In  1825  he  con- 
tributed to  this  branch  of  science,  through  the  Annales  de  Pojgcndorff,  an 
interesting  memoir,  on  the  property  which  iron,  cobalt,  and  nickel,  finely 
divided  by  a  reduction  of  their  oxides  in  a  current  of  hydrogen,  possess 
of  taking  fire  spontaneously  in  the  air  at  the  ordinary  t<?mperature.  He 
did  not  confine  himself  to  the  mere  discovery  of  the  fact,  and  to  show- 
ing that  it  was  an  espetjial  attribute  of  these  three  metals,  but  explaiued 
it  on  the  principle  of  De  Saussure,  of  the  absorption  of  gas  by  porous 
substances,  such  as  charcoal,  and  by  showing  that  substances  of  ibis 
character,  in  consequence  of  their  porosity,  condense  oxygen  and  eater 
into  combination  with  it  so  energetically'  as  to  produce  incandescence. 

In  1828  he  discovered  the  compound  which  has  been  called,  iu  com- 
pliment to  him,  the  green  salt  of  Magnus.  This  is  formed  of  the  ele- 
ments of  chloride  of  platinum  and  of  ammonia,  and  was  the  first  of  a 
series  of  combinations  of  the  same  substances.  In  an  investigation  in 
common  with  Amraermiiller,  he  discovered  the  periodic  acid,  also  the 
ethionic  and  istheonic  acids,  analyzed  a  large  number  of  minerals,  and 
observed  the  remarkable  property  which  certain  crystallized  silicates 
possess,  of  losing  by  fusion  a  considerable  i>ortion  of  their  weight. 

We  cannot  stop  to  enumerate  all  the  investigations  of  Magnus  in  this 
branch  of  science  ;  we  must  hasten  on  to  his  numerous  and  beantiful 
researches  in  physics,  which  constitute  his  true  claims  to  renown.  These 
were  especially  devoted  to  molecular  and  calorific  phenomena.  His  first 
work  on  ])hysics,  entitled  **Eesearches  on  Capillarity,"  is  rather  a  study 
of  the  flow  of  different  gases,  through  minute  cracks  in  glass  vessels. 
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le  tlirows  new  light  on  this  subject,  and  shows  the  remarkable  fact  that 
here  is  an  immense  difference  in  the  rapidity  of  the  escape  of  hydrogen 
a  comparison  with  other  gases. 

He  published  later  some  interesting  observations  upon  evaporation  in 
apillary  tubes,  which  he.  found  most  rapid  in  the  narrowest  tubes,  and 
Li)on  the  boiling  of  mixed  liquids.  In  regard  to  the  latter,  he  shoved, 
s  theory  indicated,  that  this  boiling  takes  place  at  the  temperature  when 
he  sum  of  the  tension  of  the  mixed  vapors  is  just  sufiBcient  to  over- 
ome  the  pressure  of  the  atmosphere,  consequently  at  a  temperature  a 
ittle  lower  than  the  boiling-point  of  the  more  volatile  liquid.  He  ob- 
erved  that  this  condition  is  never  realized  when  the  more  volatile  liquid 
3  placed  below  the  other;  the  mixture  in  that  case  becomes  overheated 
tnd  commences  to  boil  suddenly  with  a  violent  explosion. 

It  was  also  at  this  period  of  his  life,  in  the  commencement  of  his 
sireer  as  i>rofessor,  that  Magnus  made  his  interesting  experiments  upon 
he  gases  contained  in  the  blood.  This  subject  has  since  been  further 
leveloped,  but  the  honor  will  always  be  his,  of  having  materially  en- 
arged  the  views  entertained  in  regard  to  one  of  the  most  important 
unctions  of  animal  life.  The  theory  of  respiration  most  generally  re- 
vived before  his  day,  was  that  of  Lavoisier,  according  to  which,  the  com- 
)nstiou  of  the  blood  takes  place  at  the  moment  when  it  comes  in  con- 
:act  with  the  air  in  the  lungs.  This  theory  was,  in  fact,  the  only  one 
:hen  possible,  since  the  presence  of  gas  in  the  blood,  emitted  by  expira- 
tion, had  not  been  shown.  Magnus  found  in  arterial  as  well  as  venous  blood 
considerable  quantities  of  oxygen,  nitrogen,  and  carbonic  acid.  The  sum 
}f  these  three  gases  was,  in  his  experiments,  equal  to  the  eighth  part  of 
the  entire  volume  of  gas.  He  found  that  in  arterial  blood  the  oxygen 
57as  from  one-third  to  one-half;  of  the  carbonic  acid  in  the  venous  blood 
)nly  one-fourth  to  one-fifth.  From  this  he  concluded  that  the  oxygen 
loes  not  combine  immediately  in  the  lungs  with  the  carbon  of  the  blood, 
)ut  absorbed  by  the  arterial  blood  it  is  carried  into  the  capillary  vessels, 
vhere  it  is  employed  in  the  combustion  of  the  debris  of  the  organ- 
sms.  Carbonic  acid  is  in  this  way  produced,  which  is  also  absorbed 
ind  transported  by  the  venous  blood,  and  is  breathed  out  at  once  on 
•caching  the  lungs.    This  theory  is  now  generally  adopted. 

The  researches  of  Magnus,  which  perhaps  more  than  any  other  tested 
lis  talents  for  experimentation,  are  those  upon  the  coefficient  of  the 
lilatation  of  gases.  It  had  been  generally  admitted  that  this  coefficient 
yas  the  same  for  all  gases,  and  that  between  0^  and  100^  C.  their 
rolume  increased  for  each  degree  0.375  of  their  volume  at  0.  This 
aw  of  Gay  Lussac,  confirmed  by  Dulong  and  Petit,  had  passed  into 
:he  domain  of  undisputed  facts,  when,  four  years  after  the  publica- 
tion of  the  works  of  the  French  savant,  a  Swede,  Eudberg,  revived  the 
nvestigation  of  this  question,  and  found  as  value  of  the  coefficient  of 
he  dilatation  of  air  0.3646.    It  was  important  that  a  quantity  so  con- 

inually  applied  in  physical  science  should  be  positively  determined^ 
15  s 
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and  simultaneously  two  of  the  most  skillful  experimenters  of  the  time 
took  up  thi^  important  subject.  Magnus  communicated  the  i-esults  of 
his  experiments  to  the  Academy  of  Berliu  ^November  25, 1841,  and  a 
few  days  after,  December  13,  184;1,  M.  Hegnault  gave  to  the  scientific 
Academy  of  Paris  his  researches  upon  the  same  subject.  These  me- 
moirs are  master-pieces.  Magnus  says,  in  the  opening  of  his:  "I 
decided  to  take  up  the  study  of  this  important  question,  knowing  veil 
that  I  should  gaiu  very  little,  if  any,  distinction  by  the  work,  however 
long  or  laborious  it  might  be,  since  its  object  was  only  to  confirm  one 
of  two  figures  already  known."  This,  the  dictate  of  his  excessive  mod 
esty,  is  the  only  error  of  his  memoir.  Contrary  to  his  opinion,  the  work 
was  one  of  his  strongest  claims  to  renown. 

llepeating  first  the  experiments  of  Gay  Lussac,  which  consist  in  ob- 
serving the  dilatation  under  constant  pressure  of  a  certain  quantity  of 
air  contained  in  a  glass  globe,  by  means  of  a  small  globule  of  mercun, 
which  rises  and  falls  according  to  the  dilatation  in  the  slender  neck  of 
this  globe,  Magnus  soon  discovered  that  there  were  sereral  causes  for 
uncertainty,  but  found  as  mean  result  of  his  experiments  the  figure 
0.3G9  instead  of  0.375,  probably  on  account  of  the  greater  dryness  ot  the 
air.  He  then  tested  Rudberg's  method.  His  apparatus  consisted  of  a 
tubular  reservoir  of  glass,  communicating  with  a  manometrical  appa- 
ratns,  and  inclosed  in  a  triple  envelope  of  sheet  iron,  in  the  interior  of 
which  any  constant  temperature  desired  could  be  maintained.  By  in- 
crease of  pressure  the  volume  at  100^  was  reduced  to  what  it  had  been 
at  0°.  A  very  simple  equation  resulting  from  the  law  of  Mariotte  gave 
the  coefiicient  of  dilatation  with  the  difference  of  pressure  obser\'ed. 
The  value  of  the  coefiicient  thus  obtained  for  the  atmosphere  was  a  very 
little  greater  than  that  found  by  lludberg.  Not  content  with  this  im- 
I)ortant  numeral,  Magnus  experimented  with  different  gases,  and  found 
for  hj'drogen  a  coefiicient  of  dilatation  less  than  that  of  the  atmosphere, 
viz,  0.305G59 ;  for  carbonic  and  sulphurous  acids,  on  the  contrary,  coeffi- 
cients of  dilatation  greater  than  that  of  the  atmosphere ;  for  the  former, 
0.3G9087 ;  for  the  latter,  0.385G18.  The  law  of  Gay  Lussiic  was  but  an 
approximation  to  the  truth.  Magnus  proved  that  gases  did  not  dilate 
equally,  as  had  been  until  then  generally  admitted. 

M.  llegnault  had  made  four  series  of  experiments.  The  first  two,  in 
which  he  changed  at  tlie  same  time  both  the  volume  and  the  pressure, 
gave  him  two  coefficients  for  the  atmosphere,  both  equally  sure,  0.3G623 
and  0.3GG33,  The  third  and  fourth  gJive,  with  the  volume  constant  and 
the  pressure  varied,  0.3GG79  and  0.3GG50  as  coefficients  of  dilatation  for 
the  atmosphere.  While  operating  on  different  gases,  he  had  arrived  at 
results  very  nearly  identical  with  those  of  Magnus.  The  two  experi- 
menters concluded  to  replace  the  old  coeflBcient  0.375  by  the  figure 
0,3GG  for  the  atmosphere,  and  decided  that  the  different  gases  dilated 
unequally. 

The  cause  of  the  difference  between  the  figure  found  by  Gay  Lussac 
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Q  oDe  Iiand,  and  by  Rudberg,  Magnus,  and  M.  Eegnault,  on  the  other, 
ras  that  upon  the  interior  surface  of  the  vessel  in  which  the  dilatation 
f  the  air  was  observed,  there  was  a  stratum  of  humidity  which  passed 
ito  the  gaseous  condition  when  the.  reservoir  was  deated  to  100^,  and 
bus  increased  the  dilatation.  It  was  evident  that  an  effect  of  the  same 
ind  might  be  produced  by  the  condensation  of  the  gas  itself,  on  the 
urface  of  the  vessel.  To  prove  the  fact  Magnus  ascertained  two 
aeasures  of  the  coefficient  of  dilatation  of  a  single  and  the  same  gas, 
ulphurous  acid,  increasing  greatly  in  one  case  the  extent  of  glass  sur- 
acein  proportion  to  thevolumeofgascoming-in  contact  with  it.  This  was 
'ffected,  by  introducing  a  number  of  globules  of  glass  into  the  reservoir 
lontaiuing  the  sulphurous  acid.  He  obtained  as  coefficient  of  dilatation 
k  value  greater  than  by  the  ordinary  process  without  the  globules  of 
flass,  and  while  confirming  the  fact  that  gases  condense  at  low  tem- 
peratures upon  solid  bodies,  gave  at  the  same  time  the  measure  of  this 
;ondensation. 

After  his  researches  upon  the  dilatation  of  the  air  at  high  temperatures 
ind  upon  the  tension  of  steam,  finding  himself  again  in  competition 
i^ith  M.  Regnault,  Magnus  left  the  field  to  be  explored  by  the  illustrious 
.^'rench  savant,  with  far  greater  resources  than  he  could  command,  re- 
suming, however,  at  intervals,  his  favorite  study  of  gases  and  vapors. 
n  1860  and  1861  he  published  a  very  important  article  upon  the  trans- 
nission  of  heat  through  gases  in  the  double  aspect  of  conductibility 
md  radiation.  Placing  a  thermometer  in  a  glass  vase  heated  moder- 
it^ly  and  filled  successively  with  different  gases  or  vapors,  he  found 
hat  the  thermometer  was  heated  differently  in  diflferent  gases,  and 
ndicated  a  lower  temperature  in  any  one  of  them  than  in  a  vacuum. 
Ble  concluded  from  this  that  gases  transmit  very  little  if  any  heat  by 
*onductibility,  and  absorb  a  considerable  portion  of  radiant  heat.  Only 
)ne  gas,  hydrogen,  he  declared  an  exception  to  this  rule,  at  least  as  regards 
:he  first  point;  the  thermometer  rises  higher  in  this  gas  than  in  a 
racuum,  notwithstanding,  as  he  also  observed,  that  it  absorbs  radiant 
leat  in  the  same  proportion  as  the  atmosphere,  azote,  and  oxygen. 
The  thermometer  rose  higher  when  the  gas  was  more  dense,  which 
jeemed  to  indicate  that  gases  conduct  heat  like  the  metals.  This  was 
)ne  proof  more  in  confirmation  of  the  theory,  making  a  metal  of  hydro- 
gen, which  has  since  been  fully  established  by  the  beautiful  experiments 
)f  Graham.  This  conductibility  of  hydrogen  is  well  exhibited  when  it 
8  surrounded  by  a  non-conducting  substance  such  as  eider  down  or 
30tton,  so  that  the  currents  produced  in  it  may  not  be  disturbed. 

As  we  have  said,  all  gases,  without  exception,  absorb  radiant  heat,  and 
in  greater  proportion  as  the  pressure  is  greater.  Those  which  absorb  the 
least  are  the  atmosphere,  nitrogen,  and  oxygen,  and,  almost  to  the  same 
iegree,  hydrogen.  Among  colorless  gases,  ammonia  first,  then  olefiant 
gas,  arrests  most  readily  the  radiations  of  heat.  The  difference  in  the 
transmission  of  radiant  heat  through  different  gases  varies  with  the 
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sources  of  beat  employed.  The  most  marked  differences  are  obtained 
from  a  source  of  black  heat  at  100^  C.  As  to  the  vapor  of  water  con- 
tained in  the  air  Magnus  observed  that  it  was  appreciably  absorbent 
only  when  in  the  condition  of  a  transparent  gas.  This  subject  gave  rise 
to  a  long  controversy  between  Magnus  and  Mr.  Tyndall. 

The  English  savant  had  undertaken  the  study  of  this  interesting  sub- 
ject and  gave  the  results  of  his  investigations  in  a  discourse  before  the 
Eoyal  Society  only  a  few  days  before  Magnus  communicated  his  to  the 
Academy  of  Berlin.    The  two  savants  agreed  upon  all  points,  except 
upon  the  transmission  of  radiant  heat  through  damp  air.    Contrary  to 
Magnus,  Mr.  Tyndal  found  that  the  vapor  of  water  contained  in  the  air 
absorbed  radiant  heat  forty,  fifty,  and  even  sixty  times  more  than  the 
air  itself;  and  yet  this  result  was  obtained,  not  with  air  absolutely 
saturated  with  moisture,  but  with  ordinary  open  air  or  with  that  of  his 
laboratory.    The  want  of  accord  between  the  two  experimenters  in  this 
particular  remains,  in  spite  of  repeated  efforts  to  discover  the  causein  their 
different  modes  of  operating.    Magnus  accounted  for  the  enormous  ab- 
sorption obtained  by  Mr.  Tyndall  by  the  condensation  of  the  vapor  upon 
the  interior  surface  of  the  tube  used,  or  upon  the  plates  of  rock-salt 
which  closed  the  extremity  of  this  tube.    The  English  savant  repeated 
his  experiments  with  the  greatest  care,  but  always  with  the  same  resnli. 
The  error,  on  whichever  side  it  exists,  remains  undiscovered,  and  some 
idea  may  be  formed  of  the  difficulty  of  this  question  when  two  such 
skillful  experimenters  fail  to  solve  it. 

Magnus  made  other  interesting  experiments  upon  radiant  heat,  e»\^- 
VJally  upon  the  variation  in  the  emissive  power  of  a  body  with  the 
degree  of  polish  of  its  surface,  and  he  showed  that  the  increase  of  this 
emissive  power  in  an  unpolished  body  is  greater,  not  because  the  super- 
ficial stratum  is  less  dense,  but  on  account  of  its  discontinuity.  He 
also  observed  that  the  increase  in  the  emissive  ijower  of  platina  was 
confined  to  the  radiations  of  red  or  nearly  red  heat.  He  discovered,  also, 
the  property  which  sylvine  or  chloride  of  potassium  possesses,  in  com- 
mon with  rock-salt,  of  being  almost  entirely  diathermal  and  of  trans- 
mitting equally  heat  proceeding  from  very  different  sources.  It  was 
interesting  to  find  a  new  analogy  between  these  two  substances,  which 
in  many  of  their  properties,  as  well  as  in  their  chemical  composition, 
are  completely  identical.  In  respect  to  the  remarkable  diathermality  of 
rock-salt,  we  shall  see  how  entirely  he  modified  the  theory  of  Melloui, 
which*  had  been  generally  adopted. 

Shortly  before  his  death  Magnus  published  a  memoir  upon  the  emis- 
sion, absorption,  and  reflection  of  heat  by  bodies  at  low  temperatures. 
This  article,  given  entire  in  the  Archives,  shows  that  different  bodies 
emit,  absorb,  and  reflect,  at  temperatures  in  the  neighborhood  of  100^ 
C,  very  different  calorific  radiations;  so  that  were  our  eyes  capable  of 
perceiving  the  radiations  of  black  heat,  the  bodies  exi)osed  to  them 
would  appear  to  us  of  very  different  colors,  as  is  thccase  when  theyare 
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mbmitted  to  luminous  radiatious.  According  to  Magnus,  rock-salt  is 
act  in  the  least  athermochroic,  that  is  to  say,  diathermal,  under  any 
kind  of  heat;  it  is,  on  the  contrary,  monothermal,  emitting  and  absorbing 
anly  a  very  limited  number  of  simple  radiations ;  just  as  incandescent 
sodium  emits  only  a  few  of  the  yellow  radiations  and  excludes  all  other 
kinds  of  light.  This  result,  certainly  very  curious  and  unexpected, 
should  be  investigated  in  regard  to  other  bodies. 

Magnus,  as  we  have  said,  especially  applied  himself  to  the  study  of 
heat,  but  he  enriched  other  branches  of  science  with  numerous  observa- 
tions, all  of  which  bear  the  imprint  of  his  acute  and  accurate  under- 
standing. We  will  say  a  few  words  only  upon  his  researches  in  thermo- 
electricity. Taking  up  the  experiments  of  M.  Becquerel,  who  attempted 
to  show  that  in  an  homogeneous  circuit  heated  atone  point,  electricity  is 
produced  because  the  heat  emitted  on  both  sides  of  this  point  difters  in 
quantity,  Magnus  demonstrated  that  the  production  of  electricity  in 
the  connected  wire  should  not  be  attributed  to  the  unequal  transmission 
of  heat  in  the  two  portions  of  this  wire,  but  to  an  alteration  in  its  molec- 
ular condition.  After  having  confirmed  the  fact  announced  by  Matteucci, 
that  there  is  no  production  of  electricity  when  two  masses  of  mercury 
are  brought  in  contact  at  different  temperatures,  he  showed  that  an 
abrupt  change  of  diameter,  either  in  a  column  of  mercury,  or  in  a  per- 
fectly homogeneous  wire,  does  not  necessarily  give  rise  to  a  current  of 
electricity,  but  on  the  other  hand,  electricity  may  always  be  excited  by 
heating  the  point  of  contact  of  two  heterogeneous  portions  of  a  single 
wire,  for  instance,  when  one  part  is  hammer  hardened,  and  the  other, 
annealed. 

This  sketch  would  be  incomplete  without  some  notice  of  the  numerous 
articles  published  by  Magnus  in  the  mem^Jirs  and  monthly  issues  of  the 
Academy  of  Berlin,  and  also  in  the  AnnaJes  de  Poggendorffj  many  of 
which  have  reappeared  in  the  "Archives,'^  either  translated  or  reviewed. 
We  must,  however,  confine  ourselves  to  a  mere  mention  of  his  researches 
upon  the  movement  of  liquids ;  upon  the  deviation  in  the  rotary  motion 
of  projectiles ;  upon  the  temperature  of  the  earth  at  great  depths ;  upon 
the  tension  of  mixed  vapors ;  upon  the  electrolysis ;  upon  the  action  of 
the  brace  of  magnets,  and  uponthe  diffraction  of  lightin  a  vacuum.  Such 
were  some  of  the  various  subjects  which  engaged  his  attention  and  which 
he  pursued  with  unceasing  accuracy  and  care. 

But  it  was  not  only  by  his  numerous  and  laborious  investigations  that 
Magnus  advanced  the  cause  of  science ;  he  filled  the  office  of  Professor ; 
was,  in  fact,  the  leader  of  the  university.  He  loved  youth,  and  knew 
how  to  make  himself  beloved  while  imparting  a  taste  for  that  science  to 
which  hehad  consecrated  his  life;  and  we  may,  without  exaggeration,  say 
that  he  exercised  an  important  influence  upon  the  scientific  generation 
which  has  succeeded  him.  He  received  many  testimonials  of  the  confi- 
dence he  inspired  in  the  young  men  of  the  university ;  among  others,  we 
may  mention,  that  in  the  troubles  of  1848,  to  him,  a  man  precmineutl^ 
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lal  history  with  great  zeal  and  eiithusiasni ;  while  he  was  equaWj  \^\ 
earnest  m  giving  instruction  in  the  severer  portions  of  the  hroad  depart- 
ment for  whose  cultivation  in  the  college  he  was  made  responsible.  He 
fitted  up  a  laboratory,  and  commenced  making  collections  for  theillos^ 
tration  of  botany,  mineralogy ,  and  geology.  This  was  accomplished 
mainly  by  personal  labor  and  exchanges  with  those  engaged  in  similar 
pursuits  in  our  own  and  other  countries.  These  labors  gave  the  initial 
impulse  to  the  cultivation  of  the  natural  sciences  in  Williams  (Mege, 
and  hiid  the  foundations  ot  its  now  large  and  valuable  illustrative  collec 
tions. 

In  1827,  Dr.  Dewey  resigned  the  chair  which  he  had  so  long  held. 
The  friends  of  education  in  Western  Massachusetts  had  been  impressed 
with  the  necessity  of  providing  more  systematic  and  vigorous  instruction 
for  young  men  preparing  for  college  and  immediate  business  pursuits. 
An  opportunity  for  public  service  of  this  sort  of  more  immediate  useful- 
ness, as  it  seemed  to  him,  than  was  afibrded  by  his  college  chair,  was 
found  in  the  establishment  of  a  gymnasium  at  Pittsfield.  He  removed 
to  Pittsfield,  where  he  had  previously  been  engaged  as  professor  of 
chemistry  in  the  Medical  College,  and  became  principal  of  this  institution. 
He  remained  in  Pittsfield  nine  years,  at  the  same  time  occupying  the 
chair  of  chemistry  in  the  medical  colleges  in  Pittsfield  and  in  Woodstock, 
Vermont.  At  the  end  of  this  period  he  removed  to  Rochester,  New 
York,  and  took  charge  of  the  collegiate  institute  in  that  city.  This 
institution,  in  connection  witli  Professor  N.  W.  Benedict,  he  conducted 
with  high  success  for  fourteen  years.  In  1850,  at  the  establishment  of 
the  University  of  Rochester,  he-was  elected  professor  of  chemistry  and 
natural  history  in  that  institution,  ai;d  continued  to  discharge  the 
duties  of  that  chair  for  a  little  more  than  ten  years.  He  retired  from 
active  duty  at  the  ripe  age  of  seventy-six.  It  was  during  the  i)eriod  of 
his  connection  with  the  university  that  1  first  became  acquainted  with 
Dr.  Dewey  personally  and  in  the  work  of  instruction. 

In  attempting  an  estimate  of  the  services  and  worth  of  our  venerated 
friend,  we  are  naturally  led  first  to  speak  of  him  as  a  teacher.    In  his 
chosen  profession  he  was  an  enthusiast.  •  His  whole  life  was  absorbed  in 
obtaining  knowledge  and  imparting  it  to  others.    In  the  street,  in  the 
social  circle,  in  the  professor's  chair,  he  was  always  the  teacher.    Xo 
person  could  come  within  the  sphere  of  his  influence  without  carrying: 
away  some  new  fact  or  thought,  or  being  inoculated  with  new  love  for 
moral  or  natural  truth.    In  accumulating  knowledge  he  seemed  always 
to  have  in  mind  the  idea  of  imparting  it  to  others.     In  his  mind  new 
truths  seemed  to  fall  spontaneously  into  the  form  best  adapted  for 
presentation  to  the  learner.     He  ahv ays  conceived  of  nature  and  man  as 
belonging  to  a  common  system,  related  to  each  other  in  every  part,  and 
designed  to  illustrate  a  common  moral  purpose.    This  naturally  led  him 
to  estimate  new  investigations  and  discoveries  to  be  important  mainly 
as  they  served  to  set  forth  the  moral  dignity  of  man,  to  promote  his 
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.^ppiuess,  and  elevate,  his  character.  His  intellectual  life  was  a  beau- 
iful  commentary  on  the  remark  of  Gibbon,  that  "it  is  a  greater  glory 
o  science  to  develop  and  perfect  mankind,  than  it  is  to  enlarge  the  boun. 
laries  of  the  known  universe."  He  appeared  to  study  nature,  not  so 
uuch  for  the  reputation  which  knowledge  or  discovery  would  secure  to 
dm,  as  from  a  tender  affection  for  her  various  forms  and  aspects  con- 
sidered as  exhibiting  a  grand  connection  of  benevolent  uses,  means,  and 
finds,  revealing  the  goodness  and  wisdom  of  tbe  Almighty.  Hence,  he 
NTas  utterly  free  from  those  petty  jealousies  which  so  often  manifest 
themselves  among  scientific  men.  He  rejoiced  in  scientific  progress,  to 
whomsoever  it  was  due,  and  was  always  most  generous  in  his  estimate 
)f  the  achievements  of  others.  Every  discovery  which  developed  new 
elements  in  the  Divine  plan  was  to  him  a  matter  for  personal  rejoicing. 
Whittier's  verses,  describing  St.  Pierre's  sympathizing  relation  to  nature, 
u^  more  strictly  applicable  to  Dr.  Dewey  than  to  the  brilliant  French- 
nan: 

''  She  laid  her  great  heart  bare  to  him, 
Its  loves  and  sweet  accords — he  saw  / 

The  beauty  of  her  perfect  law. 

«««««« 

And  thns  he  seemed  to  hear  the  song 
That  swept  of  old  the  stars  along, 
And  to  his  eyes  the  earth  once  more 
Its  fresh  and  primal  beauty  bore." 

To  his  mind  there  was  no  broad  separation  between  the  moral  and 
the  material  order.  But  he  was  intensely  averse  to  that  false  philosophy 
which  seeks  unity  at  the  expense  of  reducing  all  thought  and  volition 
to  dynamics,  making  no  distinction  between  man  and  a  crystal.  To  his 
mind,  the  whole  scheme  of  material  things  was  ever  throbbing  and 
quivering  with  divine  life,  benevolence,  and  power.  This  profound 
recognition  of  God  in  the  modes  in  which  He  hasrevealed  himself,  rounded 
and  completed  his  moral  and  intellectual  life,  and  made  him,  by  way  of 
eminence,  the  Good  Teacher. 

His  scientific  attainments  were  supplemented  by  various  and  thorough 
know'ledge  in  the  department  of  critical  scholarship.  This  gave  a  breadth 
and  many-sidedness  to  his  mind,  which  is  so  conspicuously  wanting 
in  many  of  the  scientific  men  of  our  time.  In  the  lecture-room.  Dr. 
Dewey  was  exact  and  brief  in  his  statements  of  principles  5  clear  and 
full  in  his  illustrations  of  difficulties  ;  sympathetic  with  the  dull  in  in- 
tellect^ and  patient  with  the  wayward  and  inattentive.  As  a  colleague, 
he  was  uniformly  unselfish  and  courteous,  bearing  his  share  of  all  com- 
mon burdens,  ready  to  receive  suggestions,  never  taking  offense  at  trifles, 
exhibiting  alw^ays  thatrare  combination  of  natural  qualities  and  acquired 
habits  which  distinguishes  the  Christian  gentleman.  He  loved  his 
work,  continued  in  it  during  his  whole  aetive  life,  and  neither  sought 
nor  wished  for  any  other  employment.  It  was  his  lot  to  have  been 
connected  with  schools  and  colleges  which  have  been  recently  founded 
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or  were  in  the  process  of  formation.    For  this  reason  bis  labors  were 
the  more  self-denying. 

He  also  represents  two  departments  of  the  teacbert  profession.   He 
went  from  a  college  chair,  in  which  he  had  been  eminently  successfiil, 
into  an  academy,   and  from  an   academy   back    again   to   a  college 
ciiair,  simply  at  the  call  of  duty,  apparently  without  a  thought  that  dig- 
nity or  position  was  in  the  slightest  degree  affected  by  either  transfer. 
His  only  desire  was  to  ascertain  the  position  in  which  be  could  be  moat 
useful  to  his  fellow-men.     In  view  of  these  facts  in  our  friend's  career,  1 
cannot  forbear  to  note  the  lesson  which  they  convey  to  our  professioiL 
As  teachers,  we  should  always  bear  in  mind  that  we  belong  to  a  brother- 
hood laboring  in  a  common  work  for  a  common  end  ;  that  rank  and  dig- 
nity among  us  do  not  depend  upon  the  accidents  of  position,  but  upon 
high  attainments  and  faithful  services,  no  matter  where  those  attain- 
ments are  made  or  those  services  rendered.    In  this  respect  the  legal 
profession  gives  us  a  worthy  example.    From  the  Chief  vTustice  of  the 
United  States  to  the  village  attorney,  all  lawyers,  as  members  of  the 
profession,  are  brethren,  and  equal.    Let  us  frown  upon  any  attempt  to 
separate  our  profession  into  sects  and  orders,  on  the  false  assumption 
that  there  are,  or  can  be,  rival  dignities  or  clashing  interests  among 
those  engaged  in  the  high  and  benevolent  work  of  training  the  minds 
and  characters  of  the  young. 

As  a  man  of  science.  Dr.  Dewey  belongs  to  a  class  whose  abilities  and 
public  services  are  liable,  in  our  time,  to  be  overlooked  or  underrated. 
1  refer  to  those  men  who  were  pioneers  in  the  work  of  cultivating  and 
popularizing  natural  science  in  our  country.  When  Amos  Eaton,  Parker 
Cleaveland,  Kobert  Hare,  Benjamin  Silliman,  Edward  Hitchcock,  and 
Chester  Dewey  began  their  labors,  the  natural  sciences,  as  they  are  now 
understood,  had  in  this  country  hardly  an  existence.  Since  that  time  the 
discoveries  and  investigations  upon  which  they  rest  have,  in  great  part, 
been  made  or  matured. 

Dr.  Dewey  left  college  in  1806.    Just  about  this  perioil  that  remark- 
able impulse  was  given  to  scientific  inquiry,  resulting  in  an  almost 
simultaneousdevelopment  of  chemistry,  zoology,  crystalography,  botanyf 
and  geology,  which  rendered  the  first  half  of  the  nineteenth  century  so 
supremel}-  illustrious.     What  are  now  elementary  truths,  finding  a  place 
in  every  text-book,  were  then  either  undiscovered  or  new  and  strange? 
waiting  the  time  of  their  acceptance  or  verification.    The  very  year  of 
Dr.  Dewey's  graduation,  Davy  made  his  discovery  of  the  metalhc  bases 
of  the  alkalies,  and  promulgated  the  electro-chemical  theory  by  extend- 
ing and  applying  the  discoveries  of  Galvaui  and  Volta.    A  few  years 
previous,  Lavoisier  and  his  associates  had  published  their  new  system  of 
chemical  nomenclature.    In  1807.  Dalton's  law  of  chemical  equivalents 
and  definite  proportions  was  first  given  to  the  world.    Hauy,  Weiss,  and 
Mobs  published  their  new  views  on  crystalography  from  1800  to  1809? 
while  Berzelius  and  others  were  at  the  same  time  developing  the  chem- 
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cal  system  of  mineralogical  classification.  The-natural  system  of  botany, 
"bunded  by  the  younger  Jussieu,  was,  during  tbis  period,  slowly  making 
ts  way  to  public  favor.  Cuvier's  "Fossil  Bones,"  which  first  raised 
geology  to  the  rank  of  a  science,  was  not  published  till  1812.  The  "Ani- 
mal Kingdom,"  whicli  rendered  a  similar  service  to  systematic  zoology, 
api>eared  in  1817.  William  Smith,  who,  in  England,  was  learning  to 
describe  strata  in  different  parts  of  the  island,  and  to  identify  them  by 
their  fossil  remains,  gave  his  results  to  the  public  about  the  same  period, 
his  most  important  work  having  been  published  in  1815.  Many  other 
facts  in  the  history  of  science,  which  will  occur  to  those  who  now  hear 
me,  illustrate  the  fact  that  our  scientific  pioneers  labored  under  the  dis- 
advantage of  having  begun  their  career  with  the  infancy  of  the  sciences 
which  they  cultivated.  They  grew  intellectually  with  the  growth  of 
natural  knowledge,  and  their  active  lives  stretched  over  the  whole  period 
during  which  these  sciences  were  bom  and  reached  maturity. 

The  scientific  attainments  of  these  men  weie  not  made  like  those  of 
young  naturalists  in  our  time,  by  the  study  of  a  body  of  coherent  and 
established  truths,  or  by  the  accumulation  of  new  facts  which  take  their 
places  naturally  under  laws  already  verified,  or  fall  into  classifications 
alreadv  fixed  and  named.  Their  attainments  were  made  amidst  sudden 
and  almost  violent  levolutions  in  method  and  changes  in  fundamental 
ideas,  which  were  startling  to  the  timid  and  bewildering  to  the  weak. 
It  required  no  ordinary  courage  and  manliness,  no  ordinary  faith  in  the 
universality  and  coherence  of  the  Almighty's  plan  in  the  universe,  to 
accept  and  promulgate  ideas  which  seemed  subversive  of  all  established 
opinions — utterly  superseding  and  setting  at  naught  the  ''  wisdom  of  the 
ancients." 

The  facilities  for  the  acquisition  of  new  facts,  and  the  testing  and 
verification  of  the  new  hypotheses,  were  inadequate  in  the  extreme. 
Laboratories  and  apparatus  were  to  be  created  or  invented.  Cabinets 
of  minerals  were  meager,  and  collections  of  fossils  were  almost  unknown. 
A  single  illustration  in  point  we  give  from  an  article  in  Silliman's  Jour- 
nal for  1865.  It  will  be  borne  in  mind  that  Professor  Silliman,  senior, 
was  appointed  professor  of  chemistry  and  natural  history  in  Yale  Col- 
lege in  1805.  The  college  was  then  over  a  century  old,  and  under  the 
presidency  of  Dr.  Dwight.  We  are  told  that  "  not  only  the  chemical 
laboratory,  but  also  the  cabinet  of  minerals,  owed  its  existence  to  his 
[Professor  Silliman's]  energy.  *  *  *  About  the  time  wiien  Mr.  Sil- 
liman was  appointed  a  professor,  the  entire  mineralogical  and  geological 
collection  of  Yale  College  was  transported  to  Philadelphia  in  one  small 
box,  that  the  specimens  might  be  named  by  Dr.  Adam  Seybert,  then 
flesh  from  Werner's  school  at  Freiberg,  the  only  man  in  this  country 
who  could  be  regarded  as  a  mineralogist  sufficiently  trained  for  that 
work."  This  illustrates  the  facilities  for  the  study  and  illustration  of 
natural  science  at  Yale  College,  and  we  can  readily  infer  the  discourag- 
ing circumstances  under  which  Dr.  Dewey  began  his  work  and  coUec- 
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tioDS  in  Williamstown.  Such  facts  ought  to  impress  the  present  gene- 
ration with  an  idea  of  the  zeal,  energy,  and  ability  of  men  who,  in  soch 
a  state  of  things,  could  devote  themselves  to  scientific  pursuits. 

It  should  be  recollected,  also,  that  these  pioneers  in  science  were  not 
left  free  to  devote  any  considerable  portion  of  strength  and  time  to  inve*^ 
tigation  and  the  accumulation  of  specimens.    They  were  generally  over 
burdened  with  the  work  of  giving  instructions  in  subjects  now  distributed 
into  three  or  four  dep.artments.    Transactions  of  learned  societies  wert 
procured  with  difficulty.    Scientific  journals  were  few,  and  in  our  coantry 
unknown.    Communication  with  Europe  was  slow  and  expensive.   The 
languages  of  modern  Europe  had  not  then  been  introduced  into  thecourees 
of  public  education,  and  few,  comparatively,  could  command  the  time  or 
means  to  acquire  them,  or  to  travel  abroad  for  the  purpose  of  observation 
and  study.    These  sciences,  themselves,  being  in  a  formative  state,  were 
not  difterentiated,  nor  their  limits  marked  out.    These  men,  of  necessity, 
studied  naturein  the  mass,  meeting  often  the  unclassified  subjeet-matterot 
several  sciences  in  a  single  investigation.    They  constantly  encountered 
the  difficulties  resulting  from  faulty  and  incoherent  terminology.   Their 
memories  were  burdened  in  keeping  abreast  with  the  changes  of  names 
which  rapid  scientific  progress  made  necessary.    Classes  as  well  as  names 
were  in  a  state  of  constant  flux,  for  we  all  know  that  an  adequate  ter- 
minology always  follows  and  never  precedes  the  knowledge  of  systenis 
and  laws.    Their  experience  confirmed  the  maxim  of  the  French  sa\'an, 
that  '*  science  est  un  langue  bien  faif    The  tax  upon  time  and  memoiy, 
requisite  to  keep  abreast  of  the  rapid  movementof  thought  and  discoverj, 
was  enormous.    Their  mental  experience  became  a  register  of  the  mass 
of  the  false  hypotheses,  blunders,  changes,  revolutions,  discoveries  and 
generalizations  which  make  up  the  brilliant  and  varied  history  of  modern 
science.    They  were  obliged  to  acquire  an  equal  facility  in  learning  and 
unlearning.    The  task  of  laying  aside  what  had  been  painfully  acquired, 
and  which  some  brilliant  discovery  had  suddenly  proved  to  be  uselessor 
erroneous,  was  severer  than  the  acquisition  of  w^hat  was  new. 

In  addition  to  all  this,  they  were  obliged  to  make  a  place  in  an  already 
occupied  curriculum  of  college  study,  for  their  favorite  studies,  and  to 
vindicate  to  the  public  mind  their  dignity  and  value.  Like  the  early  set- 
tlers of  our  unbroken  forests,  they  were  obliged  to  remove  obstacles, 
and  furnish  a  career  for  those  who  were  to  come  after  them.  It  is  not 
strange,  then,  that  the  attainments  of  such  men  were  afft^tted  and  modi 
fied  by  the  conditions  of  their  scientific  life — that  their  knowledge  was 
less  specific  in  its  form,  less  methodical  in  its  arrangement,  than  that  of 
their  successors  at  the  present  day.  It  is  not  strange  that  in  the  pre 
sentation  of  subjects  they  did  not  take  note  always  of  those  metes  and 
bounds  which  the  accumulated  thought  of  half  a  century  has  set  up— 
that  their  niental  furniture  was  encyclopaedic  and  com[>endious,  rather 
than  minute,  classified,  and  exhaustive.  The  immense  range  of  th 
u<atural  sciences,  now  that  the  work  of  evolwtiou  has  been  so  far  com 
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plet«d,  makes  specialization  in  study  a  necessity.    But  it  may  be  carried 
too  far,  both  in  the  neglect  of  general  culture  in  the  scientific  investiga- 
tor himself,  and  in  the  failure  to  attend  to  branches  of  science  cognate  to 
that  specially  chosen  for  cultivation.     We  believe  that  in  the  end  noth- 
ing is  gained  to  science  by  the  neglect  of  those  elements  of  scholarship 
which  belong,  by  common  consent,  to  liberal  education,  in  order  to  con- 
centrate the  activity  of  an  entire  life,  from  boyhood  to  age,  upon  a  par- 
ticular branch  of  science.    Against  such  a  course  the  whole  example  and 
precept  of  our  scientific  fathers  was  directed.    There  is,  in  our  own  time, 
a  tendency  to  confound  the  spheres  of  professional  and  general  education, 
and  to  sacrifice  liberal  culture  to  special  attainment.    This  seems  tome 
an  evil  which  should  be  resisted.    A  distinguished  chemist  remarked, 
not  long  since,  that  it  was  a  cause  for  constant  regret  that  his  students 
in  analyticjil  chemistry  came  to  him  so  often  without  liberal  culture  and 
discipline  in  letters,  and  general  scientific  knowledge  and  method.         ^ 
We  may  also  question  whether  the  disposition  to  specialize,  among 
investigators  and  professional  scientific  men,  may  not  be  carried  to  ex- 
cess.   May  not  what  is  gained  to  science  in  the  more  rapid  accumulation 
of  facts,  through  exclusive  devotion  to  some  narrow  range  of  inquiry,  be 
more  than  lost  through  the  resulting  deficiency  in  breadth  of  view  f    A 
man  who  carries  specialization  to  extremes,  will  become  intellectually 
purblind,  and  fail  utterly  in  an  adequate  comprehension  of  the  material 
and  moral  cosmos,  considered  each  as  parts  of  one  vast  whole,  finding 
its  unity  in  the  mind  of  God.    Said  a  great  naturalist,  the  other  day: 
''  I  am  more  and  more  convincjed  of  the  solidarity  of  the  sciences.    I  am 
more  and  more  inclined  to  distrust  the  observations  of  a  man  who  is 
familiar  with  but  one  narrow  branch  of  inquiry."    Does  not  knowledge, 
by  such  specialization,  grow  faster  than  wisdom,  breadth,  and  power! 
The  effect  of  extreme  division  of  labor,  in  manufactures  and  trade,  in 
diminishing  general  capacity,  intellectual  and  physical,  has  becm  often 
noted  by  economists.    The  guardians  of  public  education,  as  well  as  of 
scientific  progress,  may  well  be  warned  of  an  analogous  danger.    "The 
more  deeply  the  sciences  are  investigated,"  says  a  great  historian,  "the 
more  clearly  is  it  seen  that  they  are  all  connected.    They  resemble  a 
vast  forest,  every  tree  of  which  appears,  at  first  sight,  to  be  isolated  and 
separate,  but,  on  digging  beneath  the  surface,  their  roots  are  all  found 
interlaced  with  each  other."    Whatever  advantage  comes  from  a  broad 
survey  of  the  field  of  scientific  inquiry,  accrued  to  our  scientific  pioneers 
from  the  very  necessities  of  their  position.    The  broad,  catholic  sympa- 
thy of  these  men  with  all  branches  of  science,  stands  in  sharp  contrast 
to  that  narrow  scientific  sectarianism  which  has  too  often  disgraced 
scientific  associations  on  both  sides  of  the  AtlanMc. 

At  a  time  when  scientific  men  of  certain  sympathies  and  opinions 
speak  of  religious  men  as  obstacles  to  scientific  progress,  it  is  well  to 
hear  in  mind  the  fact  that  the  fathers  of  American  science  were,  almost 
to  a  man,  earnest  believers  in  the  divine  authority  of  Christianity.    The 
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institutious  of  learning  in  which,  and  through  which,  they  labored,  were 
all  of  them  founded,  endowed,  and  sustained  through  the  oflforts  and 
sacrifices  of  religious  men,  and  especially  of  the  clergy.  The  pursuits 
of  physical  science  are  superficially  thought  unfavorable  to  moral  aod 
religious  growth.  But  so  long  as  we  can  recall  the  elevated  spiritaal 
life  of  such  men  as  Silliman,  Hitchcock,  and  Dewey,  we  need  no  other 
refutation  of  such  an  idea. 

In  connection  with  his  labors  in  giving  instruction  in  colleges,  med- 
ical schools,  and  academies.  Dr.  Dewey  was  not  unmindful  of  his  obliga- 
tions to  make  some  additions  to  the  sum  of  scientific  knowledge.    He 
was  for  forty  years  a  constant  contributor  to  Silliman's  Journal    He 
always  studied  with  pen  in  hand,  and  was  a  constant  writer  on  scientific 
subjects  for  the  newspaper  press.    He  became  early  in  life  an  enthusi- 
astic student  of  botany,  and  contributed  very  largely  to  the  scientific 
knowledge  of  the  carices.    Dr.  Asa  Gray,  our  great  botanist,  classes 
Dr.  Dewey  with  Schweinitz  ajid  Torrey,  and  speaks  of  his  writings  on 
caricography  as  an  '^elaborate  monograph,  patiently  prosecuted  through 
more  than  forty  years."     He  further  says  that,  in  connection  with  the 
two  botanists  above  mentioned,  "  he  laid  the  foundation  and  insured 
the  popularity  of  the  study  of  the  sedges  in  this  country."    Unfortunately, 
Dr.  Dewey  did  not  write  any  systematic  treatise  on  this  subject,  but  his 
numerous  short  articles  represent  the  progress  of  his  own  observations 
and  studies,  and  give  a  history  of  the  progress  of  that  department  of 
botanical  science.     Dr.  Dewey  wrote  a  History  of  the  Herbaceous  Plants 
of  Massachusetts,  which  was  published  by  the  State.    He  contributed, 
also,  the  article  ''Carices,"  to  Wood's  Botany.    Up  to  the  List  year 
of  his  life,  our  friend's  mind  showed  the  vigor  and  enthusiasm  of  his 
early  years,  and  he  was  constantly  writing  on  scientific  topics.     His  last 
publications  of  any  length  were  two  review  articles,  one  entitled  ''The 
true  place  of  man  in  zoology  ;"  the  other,  "An  examination  of  some  rea- 
sonings against  the  unity  of  mankind."    These  articles  were  read  first 
before  a  literar^^  association  in  Rochester,  of  which  the  Doctor  was  a 
member.     They  displayed  a  full  and  intelligent  familijirity  with  all  the 
most  recent  discoveries  and  speculations  bearing  ux)on  these  diflBcult 
and  complicated  questions.     His  discussions  were  conducted  with  an 
ability,  clearness,  and  learning  which,  at  his  age,  were  surprising.    His 
industry  in  study  was  unremitting,  and  up  to  the  very  last  year  of  his 
life  his  mind  was  open  to  examine,  with   utter  freedom  from  preju- 
dice, any  new  discovery  or  speculation  which  was  worthy  of  attention. 
His  last  labors  were  the  orderly  arrangement  of  his  large  collection  of 
sedges,  which  had  been  for  so  many  years  accumulating  on  his  hand8,and 
copying  out  his  meteorological  journal.     Just  before  his  death,  while 
engaged  upon  his  journ.il,  his  hand  became  unable  to  hold  his  pen,  and, 
calling  for  the  aid  of  his  daughter,  he  placidly  remarked  that  this  would 
be  his  last  report  to  the  Smithsonian  Institution.    He  died  calmly,  of 
Old  age,  on  the  loth  of  December,  18G7,  in  his  eighty-third  year.    He 
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jad  the  control  of  his  faculties  to  the  last,  sustained  by  an  unfaltering 
crust  in  the  blessed  life  hereafter. 

A  few  remarks  further,  and  we  close.  All  who  knew  Dr.  Dewey  were 
impressed  with  the  freshness  and  vigor  of  his  mind  even  up  to  the  latest 
l^eriod  of  his  life.  I  have  often  asked  myself  this  question :  How  did 
Dr.  Dewey  retain  so  fully  his  mental  activity,  and  grow  old  so  grace- 
fully"?  This  result  seemed  to  me  due,  in  the  first  place,  to  his  constant 
effort  to  keep  abreast  with  the  movement  of  modern  discovery  and 
thought.  He  never  was  satisfied  with  falling  back  on  past  experience 
or  old  attainments.  He  believed  that  morally,  intellectually,  and  phy- 
sically, man  is  making  progress.  He  held  it  to  be  his  duty  as  long  as 
he  lived  to  contribute  to  that  progress,  and  to  be  himself  a  vital  part  of  the 
movement.  He  was  always  at  work ;  always  acquiring  new  ideas.  Mor- 
ally and  scientifically,  his  mind  and  sympathies  were  with  the  future, 
and  not  with  the  past  alone.  Hence,  his  brain  never  became  inactive; 
the  currents  of  his  intellectual  life  never  grew  stagnant  and  dull.  His 
topics  of  conversation  were  always  of  the  present  and  the  actual,  or  of 
some  new  application,  modification,  or  adjustment  of  the  old  and  the 
tried. 

Again,  he  kept  up,  in  a  wonderful  degree,  communion  and  sympathy 
with  the  young.  With  them  he  established  friendships  and  intimacies. 
In  these  intimacies,  his  stores  of  knowledge  and  ripened  wisdom  were 
poured  out  freely,  while  the  young  gave  back  to  him  the  cheerfulness, 
confidence,  and  hope  natural  to  their  time  of  life.  He  was  always  a 
guide  and  helper  to  young  and  struggling  men  of  talent.  The  number 
of  such  who,  by  his  impulse,  advice,  and  encouragement,  were  led  to 
honor  and  success,  was  very  great.  Ko  young  scientific  laborer  ever 
failed  to  find  a  wise  and  sympathetic  friend  in  Dr.  Dewey.  Nothing 
gave  him  greater  joy  than  the  rising  distinction  of  some  proteg6  whom 
he  had  started  on  the  road  to  fame.  His  beautiful  old  age  most  emphat- 
ically belied  Horace's  oft-quoted  description  of  the  aged  man : 

"  Difficilis  querulus  laudator  temporis  act! 
Se  puero,  castigator  ceusorqne  minonim." 

No  one  was  more  warmly  welcomed  in   society,  by  old  and   young, 
than  he. 

He  kept  his  youth,  too,  through  the  simplicity,  purity,  and  elevation 
of  his  moral  and  religious  life.  His  trust  in  the  monil  order  was  as 
habitual  and  as  firm  as  it  was  in  the  law  of  universal  gravitation. 
This  gave  steadiness  to  his  moral  action,  and  so  abated  the  ordinary 
friction  and  annoyances  of  life,  that  he  seemed,  to  a  casual  observer, 
almost  iuvsensible  to  their  action.  For  fifteen  years  I  was  favored  with 
the  friendship  of  Dr.  Dewey.  A  large  part  of  that  time  I  met  him  daily 
as  a  colleague.  I  was  associated  with  him  during  the  period  (always 
trying  to  an  old  man)  when,  at  the  age  of  seventy-six,  he  ceased  to  dis- 
charge the  active  duties  of  his  chair ;  and  I  can  say,  with  perfect  sin- 
cerity, that  to  me  and  his  colleagues  he  seemed  incapable  of  injustioe 
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or  bigotry,  of  meanness  or  malice,  of  envy  or  suspicion.  We  all  bonored 
him  as  a  sage ;  we  loved  him  as  a  father.  1  have  never  j'et  met  a  man 
who  so  completely,  as  he,  illustrated  the  moral  elevation  and  spiritual 
beauty  of  the  Great  Teacher's  Sermon  on  the  Mount.  What  he  was  to 
his  lamily  and  friends,  he  was  to  the  multitude  who  knew  him  but  par- 
tially and  indirectly.  To  the  whole  population  of  Rochester  his  pre- 
sence in  the  streets  was  a  benediction 
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By  William  B.  Taylor,  op  Washington. 


The  great  gfeiieralization  of  our  age — the  continuity  or  indestructi- 
bility of  force — confirmed  as  it  is  by  a  constantly  accumulating  series 
of  inductions,  contradicted  as  it  is  by  no  adverse  fact,  comes  gradually 
to  impress  itself  upon  our  convictions  almost  with  the  positiveness  of  an 
axiom.  And  yet  a  slight  consideration  will  show  us  that  it  is  really  but 
a  corollary  from  the  particular  constitution  of  matter  presented  con- 
stantly to  our  observation.  Had  we  any  example  of  an  incompressible 
substance  wholly  devoid  of  elasticity — that  is,  possessing  no  molecular  or 
atomic  repulsiouj  (to  adopt  the  conception  entertained  by  Newton  and  his 
followers,)  but  endowed  with  only  cohesive  and  gravitative  attractions — 
then  for  such  matter  the  theory  of  the  conservation  of  force  would  not 
be  true.  Were  two  equal  balls  of  such  a  material  to  meet  in  space  with 
equal  and  opposite  velocities,  at  the  moment  of  impact  there  would  be, 
with  the  arrest  of  motion,  the  actual  destruction  of  the  entire  living 
force  they  jointly  possessed.  Not  only  would  there  be  no  rebound,  but 
there  would  be  no  internal  molecular  work  effected,  and  no  heat  gene- 
lated  to  represent  a  surviving  or  transformed  energy. 

The  doctrine  of  the  correlation  and  conservation  of  forces  depends 
therefore  upon  the  coexistence  in  all  matter  of  two  opposing  tendencies, 
namely,  those  of  attraction  and  repulsion  ;  and  from  the  ceaseless  play 
and  struggle  of  these  opposing  tendencies  are  derived  ultimately  all 
the  varied  phenomena  of  the  visible  universe. 

The  most  ordinary  and  obvious  manifestations  of  force  are  those  exhib- 
iting motion ;  as  in  the  whirlwind  and  the  cataract,  the  volcano  and  the 
earthquake,  the  steamship  and  the  locomotive  train.  There  has  accord- 
ingly been  a  very  general  tendency  to  confound  force  and  motion  ;  and 
this  fallacious  confusion  has  not  unfr^quently  vitiated  the  reasonings 
of  even  intelligent  writers. 

To  distinguish,  however,  motion  from  force  on  the  one  hand,  it  may 
be  remarked  that  they  never  have  a  common  measure;  and  to  distinguish 
force  from  motion  on  the  other  hand,  it  is  only  necessary  to  consider  the 
fact  that  we  are  surrounded  by  a  vast  array  of  statical  forces,  continu- 
ally resisting  the  most  energetic  solicitations  to  motion. 

First,  as  to  the  absence  of  a  common  measure  :  It  is  found  that  the 
rate  of  motion  follows  only  the  law  of  the  square  root  of  the  force  orig- 
inating it.  A  double  consumption  of  fuel  will  not  double  the  speed  of 
a  locomotive-engine.  On  the  contrary,  (as  is  well  known  to  the  engineer,) 
four  times  the  quantity  of  fuel  is  necessary  to  attain  this  duylicaliou  of 
168 
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effect.  So  if  a  pound  of  gunpowder  will  inoipel  a  cannon-ball  \iith  a 
given  velocity,  it  will  require  four  pounds  of  powder  to  double  that 
velocity.  The  conservation  of  force,  however,  is  maintained  in  tlie  fact 
that  the  penetrating  power  of  the  cannon-ball  is  directly  proportional 
to  the  energy  expended  in  its  propulsion ;  or,  in  other  words,  to  the  square 
of  its  velocity.  Or,  to  express  the  distinction  in  the  established  formula, 
while  m  X  V  represents  the  quantity  of  motion  in  a  moving  body,  m  x  r' 
represents  its  quantity  of  force* 

Secondly,  in  regard  to  static  force :  Every  one  who  has^ver  attempted 
to  hold  aloft  a  heavy  weight  as  motionless  as  possible  will  have  had  a 
realizing  sense  of  the  expenditure  of  energy  required,  not  to  proditety 
but  to  prevent  motion.  The  Suspension  Bridge  at  Niagara,  safely  uphold- 
ing its  thousands  of  tons  of  loaded  cars  and  hum^  freight  over  the 
frightful  chasm  beneath,  may  be  cited  as  one  among  an  infinite  number 
of  examples  of  statical  force,  or  of  power  in  repose. 

The  avalanche,  hurtling  down  the  mountain  side  with  destructive  vio- 
lence, overwhelming  a  village  and  its  inhabitants,  is  but!  expending  a 
force  stored  up  a  year  or  years  before,  by  the  sun,  when  it  lifted  the 
mass,  molecule  by  molecule,  to  its  position  of  latent  or  potential  energy. 

Every  pound  of  coal  possesses  a  static  or  potential  force  of  ten  millioi 
<*  foot-pounds."  That  is  to  say,  the  pibwer  expended  by  the  sun  in  rais- 
ing the  pound  of  coal  from  its  low  estate  of  chemical  combination,  or  a 
satisfied  affinity^,  to  the  higher  plane  of  isolation  and  capacity  for  chem- 
ical reunion,  was  a  poWer  capable  of  lifting  one  thousand  pounds  of 
water  to  the  height  of  ten  thousand  feet.  And,  conversely,  the  pomid 
of  coal  thus  chemically  raised  ha«  itself  received  the  power  of  meehan 
ically  lifting  that  immense  weight  to  that  enormous  height. 

It  must  be  borne  in  mind,  however,  that  when  the  sun  actually  does 
lift  a  thousand  pounds  of  water  to  the  height  mentioned,  it  does  not 
raise  it  bodily  as  water;  it  performs  the  vast  additional  labor  of  tearing 
asunder  the  entire  mass,  molecule  by  molecule,  in  opposition  to  the 
statical  force  of  an  intense  cohesive  attraction :  a  work  of  more  than 
ten  thousand  "foot-pounds;"  an  expenditure  of  energy  greater  than 
that  required  to  grind  the  same  weight  of  ice  (one  thousand  pounds)  to 
the  most  impalpable  powder.  Deducting,  therefore,  this  expenditure 
(a  little  over  ten  thousand  ''  foot-pounds  ")  we  should  find  that  the  pound 
of  coal  represents,  in  a  static  form,  an  invested  power  etiuivalent  to 
the  lifting  of  one  thousand  pounds  of  water  a  little  more  than  one  foot, 
in  addition  to  the  task  of  evaporating  the  whole  amount.* 

Matter  in  motion  being  thus  merely  a  vehicle  of  force,  it  follows  that 
wherever  dynamic  or  kinetic  energy  is  transformed  into  potential  energy, 
(as  in  pumping  up  water  into  an  elevated  reservoir,)  there  motion  is  to 
this  extent  destroyed;  wherever  potential  or  static  energy  is  trans- 
formed intodynamic,  (as  in  the  discharge  of  aloaded  pistol,)  there  motion  is 

•  This  of  conrso  does  not  include  any  actual  heating  of  the  water.  One  poaihi  of 
coaJ  will  raise  thirteen  thoxisaiid  ^UT\d«  of  N<rat«t  1° ;  which  is  oqnivalent  to  only  wt- 
cnfy-two  pounds  of  ice-cold  "watct  ^"^SiP^  xo^dXo  >\\^\«^v\i^^\\v\.^V5LV3e^.^ 
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created.  A  very  striking  example  of  the  continual  transformation  back 
and  forth  of  these  two  conditions  of  force  is  pre^sented  in  planetary 
movements,  especially  in  those  of  considerable  eccentricity.  Taking 
the  case  of  a  cometary  orbit,  for  example,  whose  greatest  elongation 
should  extend  beyond  the  distance  of  Keptune,  while  its  perihelion 
should  lie  far  within  the  orbit  of  Mercury,  we  should  find  that  the  body, 
rushing  or  falling  toward  the  sun  with  accelerated  rapidity,  would 
finally  acquire  a  velocity  of  a  hundred  or  two  hundred  miles  per  second; 
when  its  accumulated  momentum  would  suffice  to  hurl  it  off  as  a  pro- 
jectile to  its  remote  aphelion,  where  its  velocity  would  be  reduced  to 
two  or  three  miles  per  second,  and  the  body  be  again  in  a  condition  to 
repeat  its  mighty  oscillation.  And  this  majestic  pendulum,  dccupying 
some  three-quarters  of  a  century  in  its  excursion,  while  exhibiting  suc- 
cessively so  enormous  an  absorption  and  alternate  generation  of  motion, 
would  at  the  same  time  illustrate  the  constancy  and  indestructibility  of 
its  force,  in  its  transformation  from  the  latent  to  the  actual,  and  vice 
versa  ;  the  vis-viva  of  its  lowest  speed,  plus  its  co-existing  potential  of 
gravitation  at  highest  elevation,  being  exactly  equal  to  those  of  its 
highest  speed  and  lowest  fall. 

And  yet,  obvious  as  these  truths  appear,  an  acute  and  compre- 
hensive thinker  in  an  admirable  exposition  of  the  doctrine  of  evo- 
lution, has  devoted  a  chapter  to  the  unfortunate  fallacy  of  the 
**  Continuity  [or  indestructibility]  of  Motion."  K  it  be  once  admitted 
that  motion  can  be  transmuted  into  any  other  form  of  force,  then  of 
necessity  it  cannot  exist  also  as  motion.  The  loose  brick  balanced  on 
the  chimney  top,  ready  at  a  sudden  gust  of  wind  to  topple  and  to  strike 
a  passerby  to  earth,  has  a  potential  force,  imparted  to  it  perhaps  fifty 
years  ago  by  the  hod-carrier  and  the  brick-layer  who  raised  it  and 
placed  it  in  its  seat  of  power.  During  all  these  fifty  years  it  has  lain 
there  quiet  True,  it  has  partaken  of  the  earth's  rotations  and  revolu- 
tions; true,  it  has  responded  faithfully  to  all  the  varying,  never-ceasing 
vibrations  of  summer-heats  and  winter-colds;  and  in  all  this  passive 
acquiescence  it  has  but  illustrated  its  inertia.  But  this  is  manifestly 
altogether  foreign  to  what  we  are  considering.  Whence,  then,  the  motion 
that,  commencing  with  the  fall  from  the  chimney,  hurled  back  the  brick 
to  the  earth  from  which  it  had  so  long  before  been  lifted  t  The  blast 
that  tilted  it  was  but  the  trigger  which  set  free  its  latent  power.  Shall 
we  say  that  the  original  motion  imparted  to  it  was  also  latent  during 
all  these  years  f  Such  an  expression  as  f ^  latent  motion  ^  is  but  a  sense- 
less contradiction  of  terms.  The  cap-stone  of  the  great  pyramid,  ele- 
vated to  its  dizzy  height  with  much  eflbrt  and  labor,  might  possibly 
remain  there  unmoved  forever. 

The  simple  truth  is,  that  so  far  from  our  having  any  warrant  for  the 
assumption  that  the  sum  of  all  the  motions  in  the  universe  is  a  constant, 
the  repeated  creation  and  destruction  of  motion  is  on  the  contrary  neces- 
sarily involved  in  the  indestructible  transmutability  of  force. 
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These  considerations,  of  course,  apply  equally  to  all  the  various  kinda 
of  molecular  movement,  such  a«  those  of  light,  of  heat,  and  of  electrical 
currents.    It  is  familiar  to  all  that  we  can  create  heat,  as  when  we  kin- 
dle a  tire  in  the  stove,  or  pass  an  electrical  current  through  an  imper- 
fect conductor,  or  simply  rub  two  sticks  together.    It  is  equally  familiar 
that  we  can  destroy  heat,  as  when  we  employ  steam-power  for  welding, 
forging,  rolling,  or  swaging  iron,  and  measure  the  effective  work  per-| 
formed  in  these  operations  by  the  amount  of  heat  abstracted  from  tlie 
steam,  and  forever  destroyed  as  heat.     In  brief,  whenever  heat  or  other 
movement  has  pi'oduoed  a  changed  effect  in  matter,  either  intemally  or 
extem^ly,  there  and  to  that  precise  extent  has  the  motion  (whether 
molar  or  molecular)  entirely  disappeared. 

It  is  true  that  we  still  hear  the  convenient  term  "  latent  heaf  fte- 
quently  employed;  but  while  holding  in  all  honor  the  researches  of  Black, 
who  first  unfolded  to  us  the  curious  phenomena  grouped  under  this  title, 
we  now  know  by  the  clear  light  of  the  dynamic  theory  that  there  is  no 
such  thing  as  latent  heat ;  that  if  heat  be  not  sensible,  or  actual,  it  is  not 
heat  at  all.  We  now  know  that  the  142^  necessary  to  liquefy  melting 
ice  without  any  increase  of  temperature,  and  the  965^  absorbed  in  effect- 
ing the  evaporation  of  boiling  water,  have  had  to  overcome  great  mote' 
cular  resistances ;  and  that  the  internal  work  thus  i>erformed  in  raising 
the  water  to  a  higher  potential  is  exactly  measured  by  the  amounts  of 
heat  respectively  thus  expended  and  consumed.  When,  true  to  the 
eternal  law  of  conservation,  precisely  similar  amounts  of  heat  are  ob- 
tained by  a  reversal  of  the  several  processes,  these  temperatures  are  as 
much  a  new  creation  or  transformation  as  when  we  ignite  the  carbu 
reted  hydrogen  at  our  gas-burnei'S,  or  the  anthraci4:e  in  our  grates. 

No  one  would  think  of  sitying  (excepting  metaphorically)  that  we 
were  releasing  the  light  and  heat  stored  up— in  the  one  case  at  the 
retorts  of  the  gas-fa(^ory,  and  in  the  other  in  the  carboniferous  labora- 
tory of  the  solar  actinism-— a  million  years  ago.  Heat  latent  in  coal- 
fields which  may  i>erchance  have  lain  immediately  beneath  colossal 
glaciers  for  thousands  of  years !  As  well  might  we  sjieak  of  the  Waae 
emitted  by  the  petroleum  lamp  as  original  sun-light  which  has  been 
latent  all  these  millenniums. 

Undoubtedly  the  more  aeonrate  designation  of  the  fact  is,  that  when 
motion  has  resulted  in  static  condition,  the  motion  is  absolutely  de- 
stroyed ;  when  from  that  condition  a  succeeding  motion  is  evolved,  a 
new  motion  has  been  as  absolutely  created  j  that  when  one  kind  of 
motion  has  been  transformed  into  another  kind  of  nK)tion,  the  equivakMCi 
of  the  two  by  no  means  involves  the  identity  of  the  two. 

Among  the  multitudinous  metamorphoses  of  force  presented  to  our 
observation^  we  find  not  unfrequent  examples  oi  motion  rising  hi^r 
than  its  source.  These  cases  may,  however,  all  be  likened  to  the  famil- 
iar illustration  of  a  large  weight  on  the  short  end  of  a  lever  lifting  a 
lighter  weight  on  the  olh^t  ^ud  as*  many  times  as  high ;  or  to  the  par- 
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allel  instaDce  of  a  considerable  body  of  water  by  its  momentum  raising 
a  smaller  quantity  to  a  higher  level  in  the  hydraulic  ram.  Similar  in- 
stances of  water-power  occur  in  nature,  as  at  the  mouths  of  rivers,  and 
at  estuaries,  where  the  contracting  channel  transforms  a  large  mass 
movement  into  the  potential  of  elevation.  A  magnificent  example  of  this 
is  furnished  in  the  Bay  of  Fundy,  where  a  huge  tide  of  seventy  feet  is 
derived  from  an  ocean-wave  probably  not  exceeding  two  feet  in  height. 

As  in  visible  or  mass  motion,  the  matter  may  be  either  falling  to  a 
lower  state  of  power,  (as  in  the  descending  weight  of  a  clock  or  the 
falling  water  of  Niagara,)  or  rising  under  a  superior  external  propulsion 
to  a  higher  state  of  power,  (as  in  a  clock  being  wound  up  or  ocean-water 
being  evaporated  by  the  sun,)  so  in  molecular  movements,  the  matter 
may  be  either  running  down,  (as  in  combustion,  or  in  the  decomposition 
of  quaternary  or  ternary  compounds  into  more  stable  binary  compounds,) 
or  the  matter  may  be  raised  to  higher  power,  (as  in  the  vegetable  de- 
oxidation  of  carbon  by  the  sun's  rays,  or  in  the  building  up  of  animal 
substance  to  more  complex  and  unstable  conditions,  by  the  power  derived 
from  other  matter  running  down.) 

Now,  in  all  these  wondrously  varied  and  complex  transmutations  of 
force,  while  it  is  certain  that  the  sum  of  all  the  static  and  kinetic  forms 
of  energy  in  the  universe  is  a  constant,  which  the  human  race  with  all 
its  endless  appliances  of  machinery  can  no  more  increase  or  diminish 
than  it  can  add  to  or  subtract  from  the  quantity  of  matter,  yet  it  is 
equally  true  that  the  store  of  the  former,  or  the  potential  in  Nature,  is 
being  in  the  aggregate  diminished  *by  transfer  to  the  condition  of  the 
latter  or  the  dynamic ;  and  that  in  this  transfer  the  general  tendency  is 
to  a  form  of  temperature  of  greater  diffusion,  and  less  capability  of  fur- 
ther transformation.  So  that  solar  and  planetary  systems  are  con- 
stantly running  down  to  a  lower  plane  of  power — the  former  by  the 
radiation  of  high  heat,  the  latter  by  the  radiation  of  low  heat — into 
empty  celestial  spaces.*  There  is  on  the  whole,  therefore,  as  Professor 
Sir  William  Thomson  ha«  well  designated  it,  a  "Dissipation  of  En- 
ergy." 

In  a  paper  "  On  a  Universal  Tendency  in  Nature  to  the  Dissipation  of 
Mechanical  Energy,''  presented  to  the  Royal  Society  of  Edinburgh,  April 
19, 1852,  Professor  Thomson  arrives  at  the  conclusions,  that  '^  there  is 
at  present  in  the  material  world  a  universal  tendency  to  the  dissipation 
of  mechanical  energy  f  and  that  "  within  a  finite  period  of  time  past 
the  earth  must  have  been,  and  \^ithin  a  finite  period  of  time  to  come 
the  earth  must  again  be,  unfit  for  the  habitation  of  man  as  at  present 

•  The  whole  amoant  of  solar  energy  incessantly  expended  on  our  earth  may  be  esti- 
mated at  the  amoant  of  208  biUion  498,027  miUion  "horse-power'' — a  horse-power 
being  equal  to  550  foot-pounds  i>er  second.  But  as  was  shown  by  the  iUnstrious  Dr. 
J.  B.  Mayer  in  his  BHtrdge  gur  Dynamik  des  HimmeUj  (Hcilbronn,  1848, )  the  amount 
of  solar  heat  intercepted  by  the  earth  is  to  the  whole  amount  radiated  into  space  "  as  1 
is  to  2,300  millions/'  (On  Celeetial  Ihfnamice,  Translated  by  Dr.  H.  Debus,  X.  E.  D 
PhU.  Mag.]  April,  1863,  Vol.  XXV,  p.  245.) 
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constituted  5  unless  operations  have  been  or  are  to  be  performed  wWch 
are  impossible  under  the  laws  to  which  the  known  operations  going  on 
at  present  in  the  material  world  are  subject."*  And  inacommanication 
to  the  British  Association  in  September,  1861,  on  "  Physical  Considm^ 
tions  regai'ding  the  Possible  Age  of  the  Sun's  Heat,"  Professor  Thom- 
son repeats,  that  "  although  mechanical  energy  is  indestractible,  there 
is  a  universal  tendency  to  its  dissipation,  which  produces  gradual  aug- 
mentation and  diifusion  of  heat,  cessation  of  motion,  and  exhanstiouof 
potential  energy,  through  the  material  universe.''t 

In  glancing  thus  cursorily  at  the  nature  of  force,  and  its  more  strik- 
ing manifestations,  it  is  hardly  necessary  to  allude  to  the  now  recognized 
correlation  of  the  organic  and  so-called  "vital ''forms  of  power  with 
the  purely  physical  and  kinetic.  It  ha«  been  reserved  to  our  own  day 
to  see  established  in  all  its  fullness  the  grand  dynamic  equation^ 
"  Causa  asquat  effectumP  It  has  been  shown  by  the  most  varied  serie* 
of  experiments  and  observations  that  physiological,  like  mechanical 
processes,  are  possible  only  on  the  sufficient  consumption  of  fuel ;  that 
growth,  and  development,  and  muscular  movement  are  derived  from  the 
oxidation  of  carbon  and  of  tissue,  whose  products  may  be  accurately 
measured ;  and  are  all  but  phases  of  the  ever-changing,  never-dying 
energy  of  Nature. 

Perhaps  each  one  who  should  consult  his  "consciousness"  alone  (that 
witness  so  important  to  the  metaphysician)  would  feel  a  conviction  that 
when  he  strikes  a  blow  he  is  exerting  an  original  and  self-derived 
power.  And  yet  it  is  certain  that  the  will  of  an  Alexander,  a  Bonaparte, 
or  a  Bismarck,  would  be  as  impotent  to  move  a  grain  of  sand  withont 
an  adequate  supply  of  pre-existing  external  force  placed  at  its  disposal, 
as  to  launch  the  Great  Eastern  from  its  ways  without  a  similar  supply-f 

*Z.  E,  D,  Pha,  Mag.y  October,  1852,  Vol.  IV,  p.  304. 

t  Report  of  Thirty-Hrst  Meeting,  &c..  Notices  and  Abstracts,  page  27.    (Repablisbed 
in  the  X.  E,  D.  Phil  Mag.,  February,  1862,  Vol.  XXIU,  p.  158.) 

t  It  is  proper  to  notice  here  a  caution  which  has  been  suggested,  that  the  wiU,  thoogh 
admitted  to  be  merely  a  starter  or  director  of  the  animal  store  of  material  force,  most 
still  exert  and  therefore  originate  the  power,  however  small,  necessary  for  such  initia- 
tion. Sir  John  Herschel,  in  an  essay  "  On  the  Origin  of  Force,"  remarks :  "  The  actiul 
force  necessary  to  be  originated  to  give  rise  to  the  utmost  imaginable  exertion  of  ani- 
mal power  in  any  case  may  be  no  greater  than  is  required  to  remove  a  single  material 
molecule  from  its  place  through  a  space  inconceivably  minute ;  no  more  in  comparison 
with  the  dynamical  force  disengaged  directly  or  indirectly  by  the  act  than  the  poll  of 
a  hair-trigger  in  comparison  with  the  force  of  the  mine  which  it  explodes.  But  with- 
out the  power  to  make  some  material  disposition,  to  originate  some  movement,  at  to 
change,  at  least  temporarily,  the  amount  of  dynamical  force  appropriate  to  some  on«  <v 
*  more  material  molecules,  the  mechanical  results  of  human  or  animal  volition  are  incon- 
ceivable. It  matters  not  that  we  are  ignorant  of  the  mode  in  which  this  is  perfonned. 
It  suffices  to  bring  the  origination  of  dynamical  power,  to  however  BmaU  an  extent, 
within  the  domain  of  acknowledged  personality.^'  (The  Fortnightly  Review  for  Jolj  h 
1865;  Vol.  I,  p.  439.) 

This  directing  capacity  of  the  animal  will,  like  that  directing  impulse  which  presides 
over  thQ  entire  domain  of  oTgame  ^voVwWoxl,  ^VqAca  tJlI  analysis,  and  hence  has  no 
recognized  dyn amic  equivalent,    'W  \l\xon\.  «AX«ai^Vvii^ Vi  ^v&&>Qfi&\kft\^ ^^c^^vr^  isatesat^ 
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L  demoDstratiou  of  this  is  seen  in  the  case  of  motor-paralysis,  (which 
aay  be  likened  to  the  state  of  a  steam-engine  with  the  cylinder- valves 
ocked  in  position,  or  detached  from  the  eccentric,)  or  in  the  case  of 
hat  extreme  prostration  which  follows  a  low  fever  or  prolonged  illness, 
which  may  be  likened  to  the  condition  of  an  engine  whose  head  of 
»t«am  is  insufficient  to  overcome  the  inertia  of  the  piston.) 

But  not  only  the  animal  processes  of  nutrition,  growth,  and  movement 
Mre  maintained  aJb  extra,  but  those  more  subtle  and  mysterious  processes 
>f  thought,  emotion,  reason,  are  alike  the  product  of  material  metamor- 
phosis ;  and  their  activities  may  be  determined  by  the  urea  and  the 
phosphates,  and  even  phosphoric  acid,  eliminated  by  the  kidneys.  A 
large-brained  man  sitting  idly  in  his  easy-chair,  with  eyes  closed  to  ex- 
ternal impressions,  and  indulging  in  pleasant  revery,  might  seem  to  be 
the  very  impersonation  of  self-contained  and  self-originating  action. 
But  apart  from  the  chemical  tests  alluded  to,  which  would  demon- 
strate the  fact  of  matter  potential,  undergoing  a  descent,  we  may 
employ  the  more  direct  and  delicate  indicator,  a  thermo- galvano- 
meter, in  connection  with  the  back  part  of  the  dreamer's  head,  and  we 
shall  observe  the  needle  to  quiver  and  to  fluctuate  with  the  current  of 
the  varying  thought.  Let  a  knock  be  heard  at  the  door,  and  though  no 
movement  of  the  face,  no  tremor  of  the  closed  eyelid  betrays  to  the  ob- 
server a  consciousness  of  the  sound,  yet  this  tell-tale  needle  (sensitive 
to  the  two-thousandth  part  of  a  degree  Fahrenheit)  will  attest  by  a 
deflection  of  many  degrees  of  arc  the  aroused  attention  involuntarily 
excited  through  the  action  of  the  auditory  nerves.*    Here,  then,  we 

point,  it  may  be  remarked  that  our  faith  in  the  doctrine  of  the  constancy  of  force  need 
not  be  shaken  by  this  sole  outstanding  difficulty,  or  apparent  limitation  of  its  univer- 
sality ;  and  that  however  unable  we  may  now  be  to  explain  or  suggest  the  haw — this 
last  residuum,  "  will-power,"  (admittedly  very  small  relatively  to  the  product  of  volun- 
tary force,)  as  well  as  that  organic-power  which  determines  that  from  the  equal  stores 
of  foree  laid  up  in  the  two  eggs  of  a  duck  and  of  an  alligator,  or  of  a  dove  and  of  a  ser- 
pent, the  one  shall  be  directed  to  evolve  a  bird  and  the  other  a  reptUe — may  yet  be  here- 
after referred  to  the  magazines  each  serves  to  unlock,  or  else  to  a  principle  entirely 
outside  of  mechanical  force. 

*  In  an  interesting  account  of  "  Experiments  on  the  Relation  of  Heat  to  Mental 
Work,"  by  Professor  J.  S.  Lombard,  M.  D.,  of  Harvard  University,  employing  a  galvan- 
ometer capable  of  in  dicating  about  the  five-hundredth  part  of  one  degree  Fahrenheit 
it  is  stated  that  the  ordinary  variations  observed  resulting  from  mental  action  did  not 
amount  to  more  than  about  the  fiftieth  of  a  degree,  though  quite  marked.  ^'  Pursuing 
these  experiments  further,  it  was  found  that  anything  that  aroused  the  attention  was 
capable  of  causing  a  greater  or  less  rise  of  temperature  on  the  part  of  the  head,  over 
and  above  that  of  the  body."  With  the  exercise  of  the  higher  reasoning  powers,  "  the 
highest  rise  noticed  did  not  exceed  the  twentieth  of  a  degree,"  (about  one-eleventh  of  a 
degree  Fahrenheit,)  while  ^'the  temperature  of  the  extremities  fell."  ''  The  most  striking 
effects  of  aU  were  produced  by  the  reading  aloud  or  the  recitation  of  poetry."  **  Bead- 
ing or  reciting  to  one^s  self  gave  similar  results,  and  often  oven  in  a  more  marked  de- 
gree." **  In  the  last-mentioned  series  of  observations,  it  was  not  unfrequently  found 
that  the  temperature  of  the  forehead  fell,  while  that  of  the  back  of  the  head  rose  ;  but 
for  what  reason,  I  have  not  yet  been  able  to  determine."  ( The  Neic  York  Medical  Journal 
for  June,  1867,  Vol.  V.  pp.  198-205.)  " 
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would  seem  to  have  almost  the  germ  of  a  phrenometer,  as  if  in  defiance 
of  the  protestation  that  '^  thought  cannot  be  measured.''  It  is  but  jnsu 
however,  to  admit  that  this  (although  in  some  sense  a  phrenoscope)  is 
not  properly  a  phreno  meter j  since  the  eflfect  determined  is  really  only 
a  resultant  of  the  mental  activity,  and  not  its  measure.  The  th^mal 
indication  represents  (if  the  expression  may  be  allowed)  merely  the  fric- 
tion of  the  mechanism. 

On  comparing  the  modes  of  derivation  of  force  in  machines  (especially 
in  those  known  as  heat-engines)  and  in  animals,  we  find  that  the  trans- 
fer is  made  in  substantially  the  same  way.  Matter  previously  raised  to 
a  chemical  state  of  power  is  oxidized,  and,  in  running  down  by  this 
process  of  combustion,  (whether  slow  or  rapid,)  evolves  a  molecular  ac- 
tivity, which  is  absorbed  and  utilized  in  various  ways,  according  to  tlie 
exact  seat  of  the  transfer.  Where  deoxidized  metals  are  the  source  of  the 
power,  (as  in  the  galvanic  battery,)  the  process  is  very  similar.  In  this 
case,  and  in  mechanisms  operated  by  springs  or  weights,  the  potential 
force  is  first  imparted  by  human  labor. 

The  source  of  power,  therefore,  in  machinery,  as  in  the  animal  eeoo- 
omy,  is  derived  almost  entirely  from  the  vegetable  kingdom ;  in  which, 
matter  which  has  been  largely  exhausted  of  its  store  of  force  by  the  en- 
gine and  the  animal,  and  discarded  as  carbonic  acid,  water,  and  otier 
burned  products,  is  raised  again  by  the  action  of  the  solar  energy  to  its 
static  plane  of  chemical  potentiality.  And  it  is  an  interesting  and  sig 
nificant  fact  that  the  two  great  vegetable  staples  consumed  by  the  dead 
and  by  the  living  mechanisms  respectively  are  identical  in  compoa- 
tiou ;  that  the  cellulose j  which  is  the  principal  food  of  the  engine,  is  chem- 
ically isomeric  with  the  starch  which  is  the  principal  fuel  of  the  animal 
And  the  cellulose  of  the  one,  equallj^  with  the  starch  of  the  other,  may, 
as  is  well  known,  be  converted  into  sugar.  It  is  hardly  necessary  to 
explain  in  this  connection  that  the  mineral  coal  so  largely  utilized,  is  itself 
but  a  metamorphosed  cellulose ;  whose  hydrogen  and  oxygen,  (the  eie^ 
ments  of  water,)  expelled  by  geologic  heat,  have  left  remaining  the  car- 
bon almost  in  a  state  of  isolated  purity. 

Nor  does  it  detract  from  the  value  of  this  parallelism  between  the  diet 
of  the  inorganic  and  organic  worker,  that  the  latter  (the  animal)  has  not 
been  so  organized  as  to  be  capable  of  availing  itself  directly  of  the  stored 
force  in  woody  fiber ;  equal  though  it  be  to  that  which  it  has  been 
adapted  to  assimilate. 

It  is  important  that  we  should  endeavor  to  form  some  conception 
(however  inadequate)  of  the  physical  mode  of  action  and  of  deriva- 
tion of  the  various  forms  of  force  presented  to  us.  When  a  bell  is  struck 
with  a  hammer,  the  metal  beneath  is  carried  by  the  momentum  or  the 
viS'Viva  of  the  blow,  beyond  its  condition  of  equilibmm  due  to  the 
rigidity  or  molecular  adhesion  of  the  material ;  and  then  instantly  recoil- 
ing, thus  sets  ui>  a  vibration  counting  tens,  hundreds,  or  thousands 
to  the  second,  according  to  the  inertia^  or  the  mass  set  in  motion  ;  which 


THOUGHTS   ON   THE   NATURE   AND   ORIGIN   OF   FORCE.        249 

oscillatory  motioo  is  finally  destroyed  only  by  external  and  internal  re- 
sistances. In  a  manner  somewhat  analogous  to  this,  the  molecules  of 
all  matter  balanced  between  opposing  attractive  and  repulsive  ten- 
dencies are  forever  ringing  (so  to  speak)  in  response  to  continual  dis- 
turbances, though  with  a  rapidity  inconceivably  greater  than  any 
known  as  sound.  Thus,  when  a  gas-jet  has  its  surface  of  contact  with 
the  atmosphere  smitten  with  a  spark  or  blaze,  the  molecules  of  ox^^gen 
and  thase  of  hydrogen  and  carbon  rushing  or  falling  together  under  the 
impulse  of  an  attraction  known  as  chemical  affinity,  with  a  violence  so 
great  as  to  impinge  severely  on  their  several  spheres  of  molecular  repul- 
sion, set  up  a  vibration  whose  velocity  or  pitch  is  measured  by  hundreds 
of  millions,  in  the  millionth  part  of  a  second: 

When  we  examine  other  occasions  of  heat  or  molecular  movement, 
we  find  the  actions  not  dissimilar.  Thus,  in  the  case  of  friction^  it  is 
evident  that  the  more  prominent  particles,  pressed  by  either  side  be- 
tween the  rubbing  surfaces,  (not  indeed  by  actual  contact,  but  by 
what  is  equivalent,  their  repulsive  spheres,)  momentarily  forced  back 
within  their  repulsions  and  thereby  compressing  others,  rebound  with 
a  vigor  proportioned  to  the  pressure  ;  and  thus,  like  a  spring,  continue 
an  oscillation,  strengthened  and  accelerated  by  the  duration  of  the 
raspings.  So,  when  a  body  is  subjected  to  percussion,  we  see  how  a 
vibration  must  be  started,  intense  in  proportion  to  the  violence  of  the 
blow,  as  well  as  to  the  reinforcement  of  repeated  action.  In  the  fire- 
syringe,  the  volume  of  air  already  possessing  a  quantity  of  molecular 
motion  due  to  the  ordinary  temperature,  suddenly  compressed  into  a 
very  small  space,  must  of  necessity  have  the  velocity  of  its  particles 
greatly  increased,  and  consequently  the  frequency  and  violence  of  the 
repulsive  collisions  correspondingly  aggravated  and  intensified. 

A  similar  conception  may  be  extended  to  the  thermal,  chemical,  and 
magnetic  effects  of  electric  currents,  whether  excited  by  frictional  or  by 
chemical  disturbance,  although  the  precise  nature  of  the  molecular  move- 
ments is  undoubtedly  wrapped  in  great  obscurity. 

As  has  already  been  indicated,  all  applications  of  animal  power  may 
obviously  be  regarded  as  derived  (either  directly  or  indirectly)  from  the 
static  chemical  power  of  the  vegetable  substance  by  which  the  various 
organisms  and  their  capabilities  are  sustained ;  and  this  power,  in  turn, 
firom  the  kinetic  action  of  the  sun's  rays. 

Winds  and  ocean  currents,  hail-storms  and  rain,  sliding  glaciers,  flow- 
ing rivers,  and  falling  cascades,  are  the  direct  offspring  of  solar  heat. 
All  our  machinery,  therefore,  whether  driven  by  the  wind-mill  or  the 
water-wheel,  by  horse-power  or  by  steam — all  the  results  of  electrical 
and  electro-magnetic  changes — our  telegraphs,  our  clocks,  and  our 
watches,  all  are  wound  up  primarily  by  the  sun.* 

The  tides,  with  all  their  lifting  power,  (to  which  the  largest  ocean- 

*  The  elder  Stephenson ,  some  fifty  years  ago,  appears  to  have  heen  the  first  to  iarm 
the  conception  that  his  locomotive  engines  were  reaUy  driveii  by  aola^t  ^^^\, 
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ships  are  as  feathers,)  and  all  their  wearing  action  upon  coast  and  river 
shores,  are  due  partly  to  the  sun's  attraction,  but  in  a  mach  larger 
degree  to  that  of  the  moon,  an  outlying  portion  of  the  earth's  former 
equator.* 

Kot  pausing  to  notice  the  various  theories — more  or  less  plausible— of 
chemical  or  of  aqueous  agency  in  earthquake  waves  and  in  volcaQk 
ejections,  we  may,  for  the  present  purpose,  regard  these  occasional  out- 
breaks as  the  readjustments  and  vents  -of  wide-spread  pressure,  from 
insensible  settlings  by  the  shrinkage  of  the  earth's  crust,  resulting  from 
the  extremely  slow  cooling  of  the  interior  mass :  the  hardened  euvel- 
ope  of  stone  or  rock,  a  poorly  conducting  material,  acting  as  a  blanket 
which  almost  arrests  the  escape  of  the  internal  heat.  And  this  heat, 
again,  may  be  regarded  but  as  a  feeble  residuum  of  that  cosmical  ac- 
tivity still  notable  in  the  sun  and  other  stars. 

Finding  thus  from  observation  that  the  sun  is  the  great  source  of 
energy — static  and  kinetic — ^in  almost  all  terrestrial  phenomena,  from  the 
meteorological  to  the  geographical,  from  the  geological  to  the  biological, 
we  can  only  conclude  that  in  the  expenditure  and  conversion  of  molecw- 
lar  movements^  derived  from  the  sun's  rays,  must  be  sought  the  motive 
power  of  all  this  infinitely  varied  phantasmagoria.  Thus,  especially  in 
the  great  store  of  organic  force  existing  in  the  vegetable  world,  we 
must  suppose  that  these  subtle  actinic  vibrations,  several  times  fiuer 
and  higher  even  than  those  recognized  as  heat,  have  such  relation  to 
the  molecular  masses  and  inertia  as  by  "forced"  vibrations  to  overcome 
the  powerful  attraction  of  chemical  affinities,  and  fairly  to  shake  the 
particles  into  isolation,  at  the  same  time  that  other  motions,  photic  and 
thermal,  are  expended  in  occluding  in  the  plant  structure  the  carbon 
thus  deoxidized  and  divorced. 

Tracing  back  these  potent  quiverings  through  the  ninety -one  and  a 
half  millions  of  miles  of  ethereal  highway,  along  whose  inconceivable 

*  Mayer,  in  his  remarkable  Dynamik  des  HimmeU,  discussiDg  the  retardiDg  effect  of 
the  tidal  wave  on  the  earth's  rotation  by  reason  of  friction,  calcnlates  that  this  is  suf- 
ficient to  have  lengthened  the  day,  \7ithin  the  last  two  thousand  five  hundred  yean, 
by  one-sixteenth  of  a  second.    On  the  other  hand,  since  the  globe  must  have  cooled 
somewhat  within  this  period,  (estimated  at  one-fourteenth  of  a  degree  Centigrade,  or 
about  one-eighth  of  a  degree  Fahrenheit,  for  the  w^holo  mass,)  this  would  involve  a  con- 
traction of  the  earth's  radius  (or  a  depression  of  its  surface)  amounting  to  about  foarleen 
feet  nine  inches.    Such  a  diminution  of  the  equatorial  leverage  of  rot^^tion  necessarily 
implies  an  acceleration  of  the  motion,  or  a  shortening  of  the  day,  very  nearly  equal  to 
the  opposite  tendency,  and  counterbalancing  it.    *^  When  our  earth  was  in  its  yooth  its 
velocity  of  rotation  must  have  increased  to  a  very  sensible  degree,  on  account  of  tbe 
rapid  cooling  of  its  very  hot  mass.    This  accelerating  cause  graduaUy  diminished,  aod 
as  the  retarding  pressure  of  the  tidal  wave  remains  nearly  constant,  the  latter  must 
finally  preponderate,  and  the  velocity  of  rotation,  therefore,  continually  decrease.* 
(Z.  E,  D,  Phil.  ALag.y  1863,  Vol.  XXV,  pp.  409  and  427.)    During  the  historical  period, 
accordingly,  it  appears  that  the  length  of  the  day  has  reached  its  minimum,  and  bis 
been  sensibly  constant  or  uniform,  the  rotation  having  greatly  increased  in  the  distant 
past;  as  it  must  as  greatly  decrease  in  the  distant  future. 
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essence  they  have  so  swiftly  sped  without  the  slightest  loss,*  we  are 
brought  at  once  to  the  great  problem  which  has  lately  been  so  actively 
pursued — the  origin  of  the  sun's  rays. 

Assuming  matter  originally  endowed  with  molecular  attractions  and 
repulsions,  (regarding  gravitation  as  resident  in  the  primitive  atom, 
though  infinite  in  range,)  and  assuming  such  matter  created  in  a  state 
of  power — that  is,  of  extreme  diffusion,  or  with  its  attractions  wholly 
unsatisfied — we  have  all  that  is  necessary  to  explain  dynamically  the 
existing  order  of  nature.  The  great  diflaculty  we  have  in  forming  satis- 
factory theories  of  the  constitution  of  matter  lies  in  the  apparent  com- 
plexity of  the  forces  displayed.  Thus  we  have  at  least  five  distinctly 
marked  kinds  of  molecular  attraction,  each  so  characteristic  that  it  can- 
not be  converted  into  or  mistaken  for  either  of  the  others ;  and  there 
are  probably  as  many  forms  of  repulsion.  But  starting^with  the  idea 
of  matter  converging  or  falling  together,  we  see  how  the  encroachment 
of  such  a  condensation  on  the  repulsive  spheres  must  give  rise  to  a  vio- 
lent agitation ;  in  short,  to  a  heat  vibration  far  more  energetic  or  intense 
than  any  purely  chemical  action,  by  as  much  as  the  space-potential 
of  gravity  exceeds  that  of  affinity ;  far  more  intense,  indeed,  than  any 
temperature  now  probably  existing  in  the  sun.t 

Here,  then,  in  molecular  gravitative  attniction — as  the  ultimate  resort, 
are  we  forced  to  accept  the  primum  mobile — ^the  origin  of  the  power 
which  has  not  only  evolved  and  molded  our  solar  family  of  worlds,  but 
which  has  sustained  our  terrestrial  economy  in  all  the  wondrous  changes 
of  its  eventful  career  throughout  the  geologic  ages.  Beyond  this  funda- 
mental conception  of  mysterious  *^  attractions"  forever  resident  in 
material  elements,  it  does  not  appear  probable  that  scientific  research 
will  be  able  to  carry  back  the  parentage  or  genesis  of  force.  And  yet 
there  have  not  been  wanting  numerous  hardy  attempts  to  frame  explana- 
tions and  hypothetical  antecedents  of  these  postulated  affections  of  atoms, 
or  to  replace  them  by  dynamical  agents  or  actions ;  while  really  leaving 
the  problem  of  derivation  as  unsolved,  or  more  insoluble  than  ever. 

A  laborious  and  ingenious  French-Swiss  physicist,  Georges  Louis 
Le  Sage,  about  a  century  ago,  devised  the  hypothesis  that  all  space  was 
occupied  with  extremely  minute  bodies,  denominated  by  him  "  ultra- 
mundane  corpuscles^^  moving  in  continuous  right  lines  in  all  possible 
directions,  with  inconceivable  but  uniform  velocity,  and  without  collision 


*  The  question  is  sometimes  raised  whether  the  lif^ht  and  heat  of  the  sun  and  other 
stars  may  not  he  somewhat  enfeehled  or  ahsorhed  in  passing  through  the  celestial 
spaces.  The  doctrine  of  conservation  of  force  teaches  us  that  any  absorption  of  either 
light  or  heat  implies  a  proportionate  amount  of  work  being  done,  the  consequenccof 
which  would  bo  a  heating  oi  space  itself! 

t  A  pound  of  coal  falling  to  the  sun  from  the  distance  of  Neptune  (which  planet  must 
be  regarded  as  an  ancient  landmark  of  equatorial  drift)  would  reach  it  with  a  velocity 
not  very  far  short  of  four  hundred  miles  per  second ;  and  the  arrest  of  this  motion 
would  generate  a  heat  vibration  many  thousand  times  greater  than  could  be  obtained 
from  the  combustion  of  the  same  pound  of  coal. 
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or  interference ;  the  total  resultant  of  whose  impacts  on  gross  matter 
constituted  gravitation.  A  single  particle  or  mass  of  matter  equally 
impressed  on  all  sides  by  these  universal  projectiles  would,  of  course,  re- 
main in  perfect  equilibrium.  But  two  or  more  such  bodies  in  space, 
screening  each  other  on  their  facing  sides,  would  be  subjected  to  un- 
balanced impacts  from  these  infinitely  minute  but  powerful  ''  corpusdes,'^ 
and  would  thus  be  always  urged  toward  each  other  in  the  directions 
joining  their  centers.  No  explanation  of  the  origin  of  the  enormoos 
living  force  assumed  in  these  winged  motes  was  attempted.  Althoogh 
the  law  of  the  inverse  square  of  the  distance  could  be  mathematically 
deduced  from  the  assumption,  the  law  of  mass  ratio  was  unfortunatdy 
not  so  well  represented  by  it. 

Sir  John  Herschel  remarks  upon  this  abstract  speculation:  "The 
hypothesis  of  Le  Sage,  which  assumes  that  every  point  of  space  is  ^nt- 
trated  at  every  instant  of  time  by  material  particles,  sui  generiSj  moving 
in  right  lines  in  every  possible  direction,  and  impinging  upon  the  material 
atoms  of  bodies,  as  a  mode  of  accounting  for  gravitation,  is  too  grotesque 
to  need  serious  consideration ;  and  besides  will  render  no  account  of  the 
phenomenon  of  elasticity'^ 

More  recent  speculators  have  supposed  that  motion  explains  every- 
thing ;  and  they  accordingly  suggest  the  probability  that  all  force— in- 
cluding gravitation — is  a  form  of  vibration.  Observing  the  remarkable 
extension  of  the  undulatory  theory,  first  to  light,  and  subsequently  to 
heat,  and  perhaps  mindful  of  the  radiant  law  of  diminution  with  the 
square  of  distance,  they  seem  to  have  been  led  from  this  analogy)  to 
overlook  the  consideration  that  no  vibration  is  possible  without  two 
opposing  forces ;  and  so  in  substitution  or  in  explanation  of  that  which 
is  itself  simple  they  proflfer  a  duplex  causation.  All  such  h^pothefles 
have  been  projected  under  the  impulse  of  the  ancient  h  priori  dogma, 
that  "  matter  cannot  act  where  it  is  not,''  or  of  the  equivalent  proposi- 
tion, that  action  upon  a  distant  body  is  "  inconceivable !  "t 

Professor  Faraday  entertained  a  somewhat  indefinite  idea  (borrowed 
from  Boscovich's  abstract  centers  of  force)  that  matter  must  be  eontin- 
uous,  or  everywhere  present,  in  order  that  forces  may  be  ti*ansmitted 
by  virtual  contact.  He  says :  "  Doubtless  the  centers  of  force  vary  in 
their  distance  one  from  another,  but  that  which  i&  truly  the  matter  of 


•"  On  the  Origin  of  Force."    Fortnightly  Beview,  Vol.  I,  p.  438. 

t  Ifc  may  be  asserted  in  reply  to  this,  that  no  scientific  theory  is  final  until  ite  nltimate 
postulate  is  "  inconceivable."    "  For  if  the  successively  deeper  interpretations  of  nature 
which  constitute  advancing  knowledge  are  merely  successive  inclusions  of  special 
truths  in  general  truths,  and  of  general  truths  in  truths  still  more  general,  it  obvioofly 
follows  that  the  most  general  truth,  not  admitting  of  inclusion  in  any  other,  does  doI 
admit  of  interpretation.     Manifestly  as  the  most  general  cognition  at  which  we  amre 
cannot  be  reduced  to  a  more  general  one,  it  cannot  be  understood.    Of  necessit j,  there- 
fore, explanation  must  eventually  bring  us  down  to  the  inexplicable.    The  deepest  troth 
which  wo  can  got  at  must  bo  unaccountable."    Herbert  Spencer,  First  PrvM^ 
(Becond  edition,)  Part  I,  Chap.  IV,  p.  IX 
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one  atom  touches  the  matter  of  its  neighbors.  Hence  matter  will  be 
continuous  throughout;  and  in  considering  a  mass  of  it,  we  have  not  to 
suppose  a  distinction  between  its  atoms  and  any  intervening  space. 
The  powers  around  the  centers  give  these  centers  tbe  properties  of  atoms 
of  matter;  and  these  powers  again,  when  many  centers  by  tbeir  con- 
joint forces  are  grouped  into  a  mass,  give  to  every  part  of  that  mass 
the  properties  of  matter."*  And  yet,  in  his  earlier  speculations,  he 
says  in  regard  to  electrical  action  in  a  vacuum,  "  Suppose  it  possible 
for  a  positively  electrified  particle  to  be  in  the  center  of  a  vacuum  an 
inch  in  diameter,  nothing  in  my  present  views  forbids  that  the  particle 
should  act  at  the  distance  of  half  an  inch  on  all  the  particles  forming 
tbe  inner  superficies  of  the  bounding  sphere."!  This,  as  Dr.  Miiller  has 
remarked,  is  certainly  an  admission  of  the  dreaded  actio  in  distans  ;  but 
whether  this  view  was  subsequently  modified  is  not  very  clear.  Nor  is 
it  clear  that  Faraday,  in  affirming  the  presence  of  matter  wherever  it 
acts,  had  any  other  conception  than  that  usually  entertained  by  those 
who  accept  the  atomic  theory.  To  assert  that  our  moon  '^  touches  "  the 
earth,  nay,  that  it  embraces  Neptune,  notwithstanding  its  perfectly 
determinate  boundary  of  material  surface,  is  only  to  employ  words  in  a 
wholl3^  unintelligible  sense.  To  affirm  an  infinitude  of  material  interpen- 
etrations  is  simply  to  ask  the  adoption  of  a  new  term  instead  of  "  mat- 
ter," to  represent  that  bounded  sovicthingj  or  congeries  of  somethings, 
which  all  experimental  research  attests  to  be  impenetrable. 

Professor  J.  Challis,  of  the  University  of  Cambridge,  England,  has 
proposed  ^^A  Theory  of  ]\Iolecular  Forces,"  which  he  has  presented 
iu  a  refined  mathematical  exposition,  in  a  series  of  essays  published 
in  the  Philosophical  Magazine,  from  1859  to  1871  ;J  and  which,  assuming 
the  molecules  of  matter  to  be  surrounded  by  a  continuous  ethereal 
medium  of  uniform  elasticity  pervading  all  space,  resolves  all  forms 
of  force  into  the  pressure  of  this  ether ;  each  atom  being  the  center 
of  vibrations  propagated  from  it  equally  in  all  directions. 

Dr.  Balfour  Stewart,  in  an  essay  on  "  The  Dynamical  Theory  of  Heat," 
api)ears  inclined  to  favor  a  somewhat  similar  view.  He  remarks :  "Till 
we  know  what  the  ultimate  nature  of  matter  is,  it  will  be  premature  to 
speculate  as  to  the  ultimate  nature  of  force ;  though  we  have  reason  to 
believe  that  it  depends  upon  the  diffusion  of  highly  attenuated  matter 
throughout  space."§ 

Professor  Frederick  Guthrie,  in  a  paper  read  before  the  Royal  Society 
of  London,  in  1870,  "  On  Approach  caused  by  Vibration,"  detailing  some 
very  interesting  experiments  showing  small  converging  aerial  currents 
resulting  from  tuning-fork  vibrations,  (in  perfect  accordance  with  the 

•  L,  K  D,  Phil  Mag,y  February,  1844,  third  series,  Vol.  XXIV,  p.  142.  ~" 

t  Experimental  Researches  in  Electricity,  Reprinted  from  the  Phil.  Trans.,  1831-1838. 
Series  xiii,  se^.  1616,  Vol.  I,  p.  514. 

\  L,  E.  1).  Phil,  Mag.,  fourth  series,  Vols.  XVIII,  pp.  321  and  442 ;  XIX,  88 ;  XX,  280, 
431 ;  XXI,  65,  92 ;  XXIIi,  313 ;  XXVI,  280 ;  XXXI,  459 ;  and  XLI,  280. 

$  North  British  BevieiOj  February,  1864 ;  (Vol.  XL,  page  22,  American  edition,^ 
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mathematical  theory  of  hydrodynamics,)  thiuks  he  finds  in  these  phe- 
nomena an  explanation  of  force  in  general,  including  that  of  gravitatioiL 
He  observes:  "In  mechanics — in  nature,  there  is  no  such  thing  as  a 
pulling  force.    ♦    ♦    ♦    The  line  of  conclusions  here  indicated  tends  to 
argue  that  there  is  no  such  thing  as  attraction  in  the  sense  of  a  pull- 
ing force,  and  that  two  utterly  isolated  bodies  cannot  influence  one 
another.    If  the  ethereal  vibrations  which  are  supposed  to  constitate 
radiant  heat,  resemble  the  aerial  vibrations  which  constitute  radiant 
sound,  the  heat  which  all  bodies  possess,  and  which  they  are  all  supposedto 
radiate  in  exchange,  will  cause  all  bodies  to  be  urged  toward  one  another.^ 
Supposing  that  such  resulting  ethereal  currents  could  have  any  sen- 
sible influence  on  planetary  masses,  it  seems  to  be  entirely  overlooked 
that  such  currents  would  be  of  the  most  variable  and  fitful  character. 
Every  sun-spot  would  derange  the  planetary  orbits ;  planets  when  cloud- 
clad  would  affect  each  other  very  differently  from  those  having  trans- 
parent or  diathermanous  atmospheres ;  and  no  resource  of  mathematics 
could  ever  predict  an  occultation  or  eclipse. 

Were  it  necessary  to  discuss  the  question  whether  gravitation  is 
either  a  form  or  a  result  of  motion^  the  fact  that  its  action  is  instanta- 
neous, that  it  requires  no  sensible  lapse  of  time  to  be  felt  by  the  most 
distant  planet,  is  perhaps  the  most  direct  evidence  bearing  on  the  point 
Were  any  interval  of  time  occupied  in  the  transmission  of  this  influence 
from  the  sun  to  a  planet,  there  would  result  a  phenomenon  of  ''  aberra- 
tion'' (similar  to  that  of  light)  by  the  amount  of  orbital  motion  occor- 
ring  during  the  time  of  its  transit,  the  consequence  of  which  would  be 
an  acceleration  and  extension  of  the  radius- vector,  or  a  spiral  unmfidin§ 
and  final  dispersion  of  all  the  planets  and  their  satellites.  In  general 
terms,  the  stability  of  a  planetary  system,  or  the  conservation  of  mean 
distances,  depends  upon  the  absolutely  radial  and  immediate  action 
of  the  central  attraction.  Supposing,  in  the  case  of  our  earth,  that 
gravity  occupied  eVen  so  short  a  time  as  the  hundredth  part  of  one  second 
in  passing  over  the  ninety-one  and  a  half  million  miles  from  the  sun — dar- 
ing this  interval  (of  the  one-hundredth  of  a  second)  the  planet  would 
have  traveled  about  one  thousand  feet  in  its  orbit;  and  the  resulting di^ 
placement  or  '*  aberration'' of  directive  force  would  be  about  the  twenty 
five-hundredth  part  of  one  second  of  orbital  arc.  It  has  been  shown 
that  even  this  small  deviation  would  have  been  noticeable  in  the 
two  thousand  years  separating  us  from  the  time  of  Hipparchus.  Arago 
has  estimated  that  any  possible  velocity  of  gravitation  must  be,  at  least, 
fifty  million  times  that  of  light  It 

Gravitation,  therefore,  is  not  a  motion ;  nor  is  it  the  product  of  any 
motion.  We  are  forced  to  the  conclusion,  however  **  unable  to  conceive' 
the  fact,  that  it  is  really  an  actio  in  distaiiSj  and  that  ad  infinitum ;  that 
it  is  a  force,  a  faint  reflex  of  its  Author,  instantaneously  omnipresent 

•  X.  E,  D.  Phil,  Mag.  for  November,  1870,  Vol.  XL,  p.  354 ;  and  Juno,  1871,  VoLXLI, 
p.  406. 

i  Popular  J«frononiJ/,  En gViah  eOL\V\o\\,\o\A\,\\.  \^^. 
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111  the  peculiar  phenomena  of  magnetism,  we  have  reason  to  believe 
that  the  attraction  (as  in  the  cases  of  gravitation,  cohesion,  and  affinity) 
is  resident  in  the  ultimate  molecules,  if  not  in  the  constituent  atoms. 
However  minutely  we  may  subdivide  a  magnetic  bar  of  steel  or  nickel, 
(cobalt  or  manganese,)  we  cannot  separate  the  poles — the  attractive  from 
the  repellant.  However  small  these  fissiparous  segments,  each  is  itself 
a  i)erfect  magnet,  with  equal  opposite  i)olarity. 

It  is  evident  that  the  arrangement  of  the  molecules  in  a  magnetic  bar, 
all  axially  accordant  in  direction,  must  be  one  of  constraint,  since 
although  a  single  line  of  such  particles  would  find  a  stable  equilibrium 
in  that  uniform  direction  of  polarity  which  should  satisfy  the  attractions 
of  all  their  contacts,  yet  a  second  adjacent  line,  similarly  directed,  would 
constantly  present  to  the  first  line  the  antagonism  of  connatural  or 
homogeneous  poles.  Hence,  to  secure  a  general  stability  of  equilibrium, 
the  supposed  lines  of  molecular  magnets  should  be  alternately  reversed. 
Bat  such  an  arrangement  would  result  in  a  complete  neutralization  of 
the  attractive  and  repulsive  forces,  and  the  mass  or  bar  of  metal  thus 
constituted,  possessing  no  internal  differential  resultant,  would  exhibit 
no  traces  of  integral  polarity  or  magnetism. 

Assuming  (as  we  have  reason  from  various  considerations  to  believe) 
that  in  all  solids  the  constituent  particles,  however  firmly  locked  by 
their  cohesive  forces  in  their  fixed  relations  of  distance  and  position, 
are  yet  capable  of  rotation  within  their  magic  spheres,  without  affecting 
their  solidarity,  we  can  easily  perceive  how,  under  the  attractive  induc- 
tion of  a  powerful  external  magnet,  a  bar  of  iron  constituted  as  just 
saggested  would  have  at  once  its  constituent  molecules  polarized  in 
direction,  and  thus  become  a  sensible  magnet,  while  it  would  as  quickly 
relapse  from  this  condition  of  restraint  on  the  removal  of  the  controlling 
agency.  The  actual  beha\ior  of  iron  is  exactly  conformable  with  such 
an  organization.  The  entire  efficiency  of  the  electro-magnet  for  the 
purpose  of  telegraphy  depends  upon  this  property  of  facile  molecular 
rotation  in  the  iron  magnet,  whereby  it  instantly  becomes  spontaneously 
(depolarized  on  the  suspension  of  the  electric  current. 

Under  the  quaquaversal  disposition  of  the  molecular  axes,  thus  shown 
to  be  the  normal  condition  of  equilibrium,  it  follows  that  the  magnetism 
of  matter,  however  powerful,  should  remain  forever  latent,  and  all  its 
manifestations  in  abeyance,  did  not  some  potent  interference  disturb 
this  neutrality. 

If,  however,  we  further  assume  that  in  very  rare  cases,  as  in  that  of 
nickel  or  of  hardened  steel,  a  considerable  amount  of  adhesion  (the 
nature  of  which  we  are  unable  to  comprehend)  exists  between  the  con- 
stituent particles,  preventing  their  easy  rotation,  then  we  can  perceive 
that  the  presentation  of  a  powerful  external  magnet  to  such  a  bar 
would  not  easily  or  at  once  induce  a  sensible  magnetization.  If,  however, 
the  solicitation  of  the  attracting  magnet  were  sufficiently  powerful,  and 
sufficiently  continued,  to  overcome  the  resistance  of  this  moliecular 
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adhesion,  we  cau  also  perceive  that  tlie  particles,  when  once  brouglit 
into  a  common  polarization,  would  be  likely  to  maintain  their  constnuod 
axial  position  permanently,  provided  that  the  adhesive  resistances  of 
the  molecules  should  exceed  their  magnetic  resistances.  Snch  a  behaT- 
ior  we  find  presented  by  hardened  steel,  to  which  habit  the  name 
"specific  coercitive  power''  has  been  given. 

There  is  obviously  no  transfer  of  virtue  from  the  magnetizing  to  the 
magnetized  body.  On  the  contrary,  the  former  is  actually  strengthened 
by  its  evolution  of  the  manifestation  in  the  latter — a  result  in  perfect 
accord  with  the  supposition  of  a  reaction  of  mutual  preexisting  attrac- 
tions. 

It  is  familiar  that  by  holding  a  bar  of  steel  in  the  direction  of  tbe 
earth's  magnetic  pole,  or  rather  of  its  magnetic  dip,  and  giving  the  ^d 
of  the  bar  a  few  taps  with  a  hammer,  we  can  at  once  induce  the  mag- 
netic condition.  Here  obviously  the  molecular  vibrations  from  the  blow 
have  facilitated  the  rotations  necessary  to  bring  the  particles  into  axial 
accord. 

The  work  expended  therefore  in  developing  the  magnetism  of  a  steel 
bar,  whether  by  the  mechanical  passes  of  an  artificial  magnet,  the  long- 
continued  induction  of  the  terrestrial  polarity,  or  the  molecular  disturb- 
ance of  an  eletrical  coil,  is  simply  that  required  to  overcome  the  original 
resistances  to  the  changed  condition.  The  magnetic  force,  or  dual  forces, 
must  be  regarded  as  primitive,  constant,  unchangeable  attributes  of  the 
ultimate  particles  of  matter;  as  incapable  of  increase,  of  diminution,  or 
of  transfer,  as  gravitation  itself.  And  the  notable  discovery  of  diamaff- 
netisnij  by  Faraday,  leads  us  to  believe  that  all  matter  has  this  polar 
quality  indelibly  stamped  upon  it  in  varying  degrees ;  the  molecules  ot 
nitrogen  possessing  it  in  the  smallest  degree  of  any  known  element. 

Analogical  reasoning  would  appear  to  justify  the  conclusion  that 
electrical  attraction  and  repulsion  (capricious,  ephemeral,  and  mysterious 
as  they  appear)  belong  to  the  same  category  of  original  and  unalterable 
molecular  properties,  although  it  is  by  no  means  easy  to  give  so  rational 
an  account  of  the  phenomena  observed  as  in  the  case  of  magnetism. 
The  fact  that  both  are  polar  forces,  exhibiting  a  duplex  action;  that  in 
both  cases  similar  states  or  poles  repel  each  other,  and  opposite  states 
or  poles  attract  each  other;  that  these  conditions  of  attniction  and 
repulsion  apply  equally  or  indifferently  to  either  i)ole;  and  that  an 
opposing  polarity  may  be  induced  by  approach  in  other  matter,  woold 
certainly  indicate  a  very  similar  nature  and  seat  of  influence. 

In  the  apparent  transfer,  however,  of  electricity  by  contact  or  discharge, 
and  in  the  neutral  equilibrium  immediately  resulting,  there  is  an  action 
sui  generis  ;  as  also  in  its  manifestation  as  a  differential  of  chemical,  or 
of  thermal  activities.  In  the  mutual  reactions  of  the  magnet  and  the 
electrical  current,  still  more  puzzling  phenomena  are  presented ;  and 
without  attempting  to  discuss  Ampere's  ingenious  theory  of  the  "  sole- 
noid," the  observed  fact  that  each  does  exhibit  a  torsional  or  tangential 
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action  upon  the  other  is  one  which  has  no  parallel  or  analogue  in  any 
other  of  the  known  natural  forces.  In  the  quasi-magnetic  behavior  of 
electrical  currents,  whatever  the  vehicle  or  electrode,  occurs  a  further 
extension  of  the  same  peculiarity. 

Notwithstanding  all  these  difificulties,  and  the  intimate  relations  of 
*' dynamic^  with  so-called  "static  electricity,''  a  more  comprehensive 
and  rational  theory  of  this  most  abstruse  subject  may  hereafter  establish 
as  radical  a  distinction  between  the  molecular  movements  constituting 
electrical  currents,  and  the  molecular  capacities  of  polarity,  or  of  electrical 
attraction  and  repulsion,  as  has  been  found  to  exist  between  light  or 
lieat  and  chemical  affinities  or  molecular  repulsions. 

Nor  is  the  inference  here  suggested  affected  by  the  fact  that  Joule,  in 
1843,  derived  his  first  approximation  to  the  mechanical  equivalent  of 
heat  from  experiments  " on  the  calorific  effects  of  magneto-electricity,"* 
any  more  than  it  is  by  the  fact  that  we  accept  terrestrial  gravity,  at  the 
earth's  surface,  as  the  standard  of  comparison  for  all  forms  of  energy. 

It  was  seen  at  the  outset  that  the  conditions  of  antagonistic  molecular 
attraction  and  repulsion,  such  as  we  find  in  the  actual  constitution  of 
matter,  were  essential  postulates  to  the  theory  of  the  conservation  or 
persistence  of  force.  We  have  been  led  to  the  conclusion  that  these 
same  antagonistic  principles  constitute  equally  the  real,  efficient  origin 
of  force.  And  though  we  are  provided  with  no  general  term  to  embrace 
these  primordial,  indestructible,  immutable,  statical  centers  of  force,  and 
to  distinguish  them  from  those  other  derivative,  evanescent,  and  con- 
vertible forms  of  energy,  exhibited  either  in  the  potential  of  constrained 
position,  or  in  the  actual  of  changing  position,  yet  the  two  classes  appear 
to  be  so  essentially  dissimilar  that  it  may  well  be  doubted  whether  the 
language  very  frequently  employed  by  writers  to  express  the  correlations 
and  transformations  of  material  forces  is  really  an  accurate  statement  of 
the  fact. 

If  it  be  true  that  all  phenomena  of  energy  may  be  traced  back  ulti- 
mately to  molecular  attractions  and  repulsions  as  their  primeval  parents, 
and  if  these  same  attractions  and  repulsions  are  found  to  be  persistent, 
ever-present,  and  unexchangeable,  however  frequently  matter  in  its  pro- 
tean character  may  be  shifted  (so  to  speak)  from  the  active  dominion  of 
the  one  to  that  of  another,  it  would  seem  to  be  exceedingly  improbable 
that,  conversely,  any  form  of  molecular  attraction  or  repulsion  can  be 
produced  or  derived  from  motion,  or  from  the  ordinary  manifestations 
of  dynamic  energy. 

If  this  be  so,  we  are  not  warranted  in  speaking  of  the  correlations  of 
gravity,  of  cohesion,  of  chemical  affinity,  and  of  magnetism,  in  the  same 
sense  in  which  we  apply  the  term  correlation  to  the  secondary  or  con- 
vertible forms  of  force,  as  among  themselves,  and  as  connected  with 
their  primaries. 

*  Mr.  Joule's  paper,  read  before  the  British  Association,  August,  1843,  was  published  in 
the  /..  E,  D.  Phil.  Mag.  of  that  year,  Vol.  XXIII,  pages  263,  347,  aud  435. 
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A  DISCOURSE  BY  JUSTUS  BARON  VON  LIEBIG. 

DELIVERED  IN  THE  I^OTAL  ACADEMY  OF  SCIENCES,  MUNICH. 


(Translated  for  the  Smithsonian  Institution,) 

The  ideas  of  tbe  generality  of  men  respecting  the  natnre  of  scientific 
research  are  so  imperfect  and  erroneous  that  it  will  not,  perhaps,  be 
without  interest  to  many  if  I  attempt  to  elucidate  and  complete  tbe 
views  which  I  advanced  on  this  subject  in  a  former  discourse  on  Francis 
Bacon,  of  Verulam. 

Philosophers  pursue  in  general  two  methods  of  inquiry  in  regard  to 
the  phenomena  or  laws  of  nature,  induction  and  deduction  ;  they  are  in 
effect  but  different  processes,  while  their  object  is  the  same ;  the  dis- 
tinction between  them  depends  upon  the  point  of  outset ;  the  dednctiTe 
method  sets  out  from  generals,  the  inductive  from  particulars;  in  the 
combination  of  the  two  induction  precedes  deduction. 

The  nature  of  induction,  according  to  Aristotle's  view  of  it^  may  per- 
haps be  best  illustrated  by  the  -example  which  he  himself  gives  of  an 
inductive  conclusion : 

Man,  the  horse,  the  mule,  &;c.,  live  long. 
Man,  tbe  horse,  the  mule,  &c.f  have  little  gall. 
Therefore,  all  animals  that  have  little  gall  live  long. 

This  mode  of  conclusion,  if  so  we  must  call  it,  is  a  very  easy  one  to 
the  inquirer ;  but  what  is  here  styled  a  conclusion  is  only  the  observa- 
tion of  the  juxtaposition  of  two  phenomena ;  scarcity  of  gall  is  a  fact 
which  accompanies  long  life ;  it  is  part  of  a  whole,  and  the  conclusion 
no  syllogism,  including  in  itself  the  reason  of  the  dependence  of  longev- 
ity on  tbe  paucity  of  the.  secretion  in  question.  We  need  only  substi- 
tute in  the  middle  term,  instead  of  gall,  any  other  simultaneous  fact 
peculiar  to  certain  animals,  for  instance : 

Horses,  mules,  &c.,  hve  long. 

(have  little  gall, 
have  glycose  in  their  muscular  tissufes. 
have  no  uric  acid,  {Eamsdura.) 
have  (Hippursiiura) 

in  order  at  once  to  perceive  that  the  connection  of  these  with  longevity 
is  purely  arbitrary  and  rests  on  no  operation  of  the  understaudiu^. 
The  philosopher,  for  the  explanation  of  a  phenomenon  of  nature  or  of  a 
process,  seeks  to  assign  a  connection  between  the  parts  thereof  which 
have  come  under  his  observation,  and  first  of  all  sets  out  with  the  sap- 
position,  as  regards  two  facts  which  constantly  accomi)any  tbe  phenome- 
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non  or  process,  that  they  postulate  one  another,  or  that  one  is  depend- 
ent on  the  other  5  but  this  is  merely  an  idea  having  no  real  basis  for  its 
support,  but  simply  a  perception  which  may  or  may  not  arise  in  the 
mind  of  any  one. 

Aristotle  denoted  induction  as  being  the  passage  from  particulars  to 
generals,  since,  in  physical  inquiry,  our  first  concern  is  with  the  knowl- 
edge of  the  phenomenon  and  afterward  with  its  explanation ;  but  in  this 
sense  it  is  clear  that  he  regarded  induction  not  as  a  method j  but  as  a  rule 
of  investigation. 

It  is  plain  that  if  all  the  forces  of  nature  and  their  laws  were  known 
to  ns,  if  we  knew  all  things  in  their  nature,  action,  and  properties,  the 
investigation  of  a  particular  process  and  its  explanation  would  be  a  sim- 
ple deductive  problem;  each  single  case  would  then  be  soluble  through 
a  conclusion  of  the  understanding.  Suppose,  for  instance,  that  the  rust- 
ing of  iron  in  the  air  were  the  point  to  be  explained ;  the  previous  exam- 
ination of  rust  has  determined  that  it  contains  iron,  oxygen,  and  water; 
the  composition  of  air  is  also  known ;  the  elements,  therefore,  for  ex- 
plaining the  process  of  rusting  are  before  us,  but  further  inquiry  shows 
us  that  iron  in  oxygen  in  the  presence  of  the  vapor  of  water  does  no^ 
rust ;  there  must,  then,  be  some  constituent  principle  of  the  air,  besides 
oxygen  and  va^or,  in  order  that  iron  should  undergo  the  process  of 
rusting ;  now  we  know  that  the  air  actually  contains  a  very  small  portion 
of  carbonic  a<jid,  and  examination  shows  that  a  mere  trace  of  carbonic 
acid  suffices,  with  sufficient  access  of  oxygen,  to  convert  a  large  mass  of 
iron  into  oxide;  but  the  rust  itself  contains  no  carbonic  acid.  The 
question  then  is :  What  part  does  this  acid  play  in  the  process  f  4-°^^^^^ 
known  fact  now  suffices  to  complete  the  explanation ;  this  is  the  action 
of  the  oxidulated  carbonate  of  iron ;  in  damp  air  it  attracts  oxygen  and 
is  converted  into  the  higher  oxide  which  enters  not  into  combination  with 
carbonic  acid ;  it  is  by  the  rusting  of  the  metal  that  the  lower  oxide  first 
originates,  and  this  combines  with  carbonic  acid,  which  through  the 
passage  of  the  oxidulate  into  free  oxide  becomes  capable  of  exerting  in 
a  hundredfold  degree  its  original  action  on  the  metal,  so  that  gradually 
the  whole  piece  is  throughout  converted  into  iron-rust.  Inquiry  further 
establishes  that  there  is  a  special  case  where  iron  in  damp  air,  even 
without  the  presence  of  carbonic  acid,  is  thus  rusted,  when  the  air, 
namely,  contains  ammonia;  but  that  in  that  case  the  rust  does  not 
extend,  and  that,  lastly,  an  electrical  process  is  cooperative  with  the 
rusting. 

To  this  class  of  investigations  belongs  also  that  of  the  production  of 
dew  by  Dr.  Wells.  That  dew  is  a  watery  precipitate  produced  by 
refrigeration  admitted  of  no  doubt,  nor  that  the  modes  of  refrigeration 
were  only  two.  The  problem  only  turned  upon  the  question^  whether 
the  conditions  of  the  cooling  were  dependent  on  conduction  or  on  radi- 
ation, which  point  was  susceptible  of  determination  by  exi)eriment8 
guided  by  known  laws. 
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To  inquiries  of  this  sort  no  exterior  difficulties  oppose  themselves,  and, 
for  conducting  them,  knowledge  and  the  correct  appreciation  of  relations 
abundantly  suffice;  they  rarely  occur,  because  the  physical  inquirer, for 
most  of  his  problems,  does  not  find  ready  i)repared  the  thought  material 
requisite  for  his  mental  process ;  it  should  also  be  remarked  that  by  these 
our  insight  into  the  nature  of  phenomena  is  indeed  rendered  clearer  and 
more  thorough,  but  that  the  boundaries  of  science  are  not  thereby 
enlarged. 

In  the  great  number  of  other  inquiries,  the  inquirer  is  confronted  by 
obstacles  which,  with  the  whole  stock  of  knowledge  furnished  by  science 
and  with  the  most  perfect  powers  of  discrimination,  he  cannot  remove, 
and  these  are  new  facts  or  phenomena  which  pertain  to  unknown  laws, 
which  are  not  accessible  to  the  understanding  from  a  deficiency  of  the 
intervening  facts  necessary  to  his  ideas.  For  this  class  of  inquiries  there 
must  cooperate,  in  the  case  of  the  philosophical  inquirer,  something 
which  essentially  characterizes  his  mind,  and  that  is  the  force  of  imagin- 
ation. 

The  sum  of  what  we  know  respecting  nature  and  its  forces  is,  in  fact, 
so  small  when  compared  with  what  we  do  not  know  respecting  them, 
tiiat  the  physicists  of  our  times  find  themselves,  in  a  majority  of  cases, 
juecisely  in  the  condition  of  those  of  the  sixteenth  century  as  regards 
those  things  which  to  them  were  unintelligible  but  to  us  are  easy;  there 
is  for  us,  as  there  was  for  them,  a  defect  of  clearly  comprehensible  facts 
essential  to  the  deductive  process;  in  the  failure  of  a  single  one  of  these 
the  intellect  stands  before  a  chasm  which  it  cannot  fill  up  ;  in  that  ear- 
lier time  the  force  of  imagination  was  called  in  aid  to  an  extent  which 
we  regard  now  as  wholly  inadmissible.  The  advantage  we  have  over 
the  early  inquirers  rests  therefore  not  on  increased  intellectual  powers 
or  on  the  superior  delicacy  and  penetration  of  our  senses,  but  on  a 
greater  affluence  of  facts  or  experiences,  that  is,  on  an  accumulation  of 
materials  for  the  operations  of  the  understanding.  Ilence  there  is  do 
doubt  to  be  raised  respecting  our  relative  position  ;  and  yet  there  are 
but  few  who  have  a  clear  idea  of  the  sources  from  which  the  constantly 
increasing  store  of  these  materials  for  thought  is  derived. 

If  we  cast  a  glance  backward  on  the  history  of  the  so-called  inductive 
sciences,  we  at  once  recognize  that  for  centuries  they  had  the  character 
of  an  art.  Until  !Newton,  astronomy  and  mechanics  were  arts ;  the  same 
w  ere  physics  until  the  time  of  Galileo;  and  chemistry  up  to  that  of  Berg- 
)uann.*  Boerhaave  defines  ehemistrv  as  the  ars  docens  exercere  certai 
physicas  operationes. 

Art  and  science  are  essentially  distinguished  from  one  another  by 
their  ditferent  aims.  ♦  That  of  art  is  the  search  for  or  the  finding 
of  facts;,  that  of  science  is  the  explanation  of  them.  By  art,  of 
course,  we  do  not  here  mean  any  of  the  fine  arts.  The  artificer  seeks  to 
attain  an  object ;  the  experimental  artificer  seeks  a  thing.     From  particu- 

*■  The  aim  of  art  is  the  discovcty  oiiaict^^  l\i^t  cvC  science  the  discoverj*  of  principle* 
and  Jaws. — J.  H. 
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Inrs  be  would  construct  a  whole.  The  man  of  science,  on  the  other  hand, 
seeks  a  reason  or  principle.  From  the  whole  he  proceeds  by  its  parts,  even 
to  the  roots.  As  the  artificer  knows  nothing  of  a  principle,  and  a  prin- 
ciple would  be  of  no  help  to  him,  it  will  be  understood  that  the  process 
going  on  in  his  mind  is  no  intellectual  operation.  The  intrinsic  char- 
acter of  his  thought  resides  in  this,  that  he  thinks  of  sensible  phe- 
nomena. As  the  understanding  examines  ideas,  measures,  as  it  were, 
determines  and  fixes  their  import,  so  that  they  become  serviceable  for 
deductive  operations,  just  so  does  the  inductive  artificer  proceed.  He 
probes  the  i)henomena  with  all  his  senses,  and  while  he  applies  his 
faculty  of  perception,  with  all  the  tension  of  his  will,  to  one  property 
of  a  substance  or  one  pecularity  of  a  phenomenon  after  another,  to 
the  present  exclusion  of  all  others,  his  imaginative  power  acquires  a 
sharp  and  definite  image  of  the  whole  thing,  which,  like  an  abstract 
idea,  includes  in  itself  the  entire  essence  of  the  substance  or  phenomenon. 
A  blue,  black,  or  yellow  color,  or  the  existence  of  a  white  precipitate 
which  is  soluble  or  insoluble  in  a  certain  acid  or  alkali,  calls  up  in  the 
mind  of  the  chemist  the  idea  of  iron,  iodine,  kali,  magnesia,  sulphuric 
or  muriatic  acid,  &c.,  an  ideal  iron,  iodine,  &c.,  altogether  different  from 
the  conception  which  men  in  ordinary  life  connect  with  those  sub- 
stances. 

The  understanding  arrives,  through  the  combination  of  exact  ideas, 
at  conclusions  whose  truth  is  only  intellectually  discernible ;  the  mental 
combinations  of  the  artificer,  on  the  other  hand,  are  material  or  capa- 
ble of  being  represented  to  the  senses. 

In  this  peculiar  mental  process,  in  which  the  imaginative  power 
plan's  the  principal  part,  consists  essentially  the  idea  which  I  should  be 
disposed  to  connect  with  the  word  inductioiiy  and  I  do  not  think  that  it 
is  in  conflict  with  that  of  Aristotle. 

It  is  not  easy  to  convey  a  clear  idea  of  the  nature  of  the  mental  ope- 
rations of  the  experimental  artificer,  which,  as  already  said,  depend  on 
a  combination  of  facts  or  phenomena  standing  in  a  similar  relation  to 
one  another,  with  the  logical  ideas  which  guide  the  undefrstanding  in 
its  conclusions ;  from  the  facts  or  reactions  known  to  him  he  determines 
respecting  the  existence  of  a  new  one  before  unknown ;  his  conclusion 
is  again  a  fact  or  a  reaction ;  perhaps  it  is  to  the  peculiar  faculty  of  the 
musical  composer,  who  thinks  in  sounds,  that  the  process  of  chemical  or 
physical  thinking  may  be  most  closely  compared. 

In  exact  research,  the  logic  of  the  explanation  of  a  phenomenon  or 
demonstration  of  a  problem,  rests  on  facts,  which  hang  together  as  by 
the  links  of  a  chain,  or  as  by  hinges,  and  whoever  will  take  the  trouble 
to  revise  a  chemical  or  physical  investigation,  will  at  once  perceive  that 
a  majority  of  the  facts  which  serve  the  philosophic  inquirer  for  an 
explanation  or  demonstration,  do  not  offer  themselves  in  nature,  but 
that  they  are  first  excogitated  or  devised  by  the  inquirer  himself;  he  is 
necessitated  to  seek  out  the  facts  which  are  wanting  to  his  mental  oper- 
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ation  or  deduction  by  means  of  induction,  that  is,  through  the  combin- 
ation of  his  conceptive  or  imaginative  faculty ;  and  his  labor  consisU 
in  this,  that,  in  conformity  with  the  rules  of  experimental  art,  be  shall 
call  into  action  the  mediums  or  the  substances  which  seem  adapted  to  bis 
purpose,  and  from  the  reactions  or  phenomena  which  come  to  light, 
draw  a  conclusion  as  to  the  existence  or  non-existence  of  the  fact  sought 
for  J  he  contrives,  it  may  be  said,  a  series  of  trials,  which,  iu  their  final 
result,  give  the  direction  to  his  deduction. 

The  difficulty  lies  for  him  herein,  that  the  route  to  the  fact  he  is  seek 
ing  is  to  him  completely  unknown  j  for  were  it  known,  the  conclosions 
of  the  understanding  would  lend  themselves  to  his  aid.  He  is,  tbere- 
fore,  necessitated  to  abide  entirely  by  the  phenomena  which  his  tenta- 
tives  furnish  him,  since  thes^are  the  characters  which  guide  his  imagin- 
ative power  in  its  combinations. 

The  remarkable  discovery  of  ozonized  oxygen  in  a  chemical  way  by 
Schonbein,  affords  one  of  the  simplest  examples  of  inductive  processes. 
Schoubein  had  found  that,  by  the  transmission  of  electrical  sparks,  tlie 
atmospheric  Sir  acquires  new  properties,  of  which  the  most  remarkable 
consists  in  a  powerful  combination  faculty  of  its  oxygen,  till  tben 
unknown  5  in  such  air  a  number  of  bodies  (silver,  for  instance)  are 
oxydized,  on  which  the  oxygen  in  air  not  electrified  is  without  any 
influence.  Now,  how  came  Schonbein  to  conclude  thereupon,  that  pbos- 
phorus,  by  being  slowly  burned  in  air,  would  bring  about  the  same 
condition  in  the  air  as  did  the  electric  spark  f  This  conclusion  was 
based  upon  the  fact  that  the  air  after  electrification  and  after  con- 
tact with  phosphorus  smelled  precisely  alike  j  the  scenting  principle 
in  the  air,  at  the  same  time,  had  been  found  by  Schonbein  to  pro- 
duce the  same  effects.  The  similarity  of  a  sensible  property,  of  a  scent, 
led  therefore  to  the  inference  of  the  origin  and  existence  of  a  like  sub- 
stance, ozone,  in  two  processes  in  their  nature  entirely  different  In 
this  combination  of  ideas,  had  the  guidance  been  left  to  the  understand- 
ing, it  is  highly  probable  that  the  discovery  would  have  been  impeded 
by  it;  for  to  the  understanding  the  fact  of  the  origin  of  a  substance 
endued  with  the  highest  oxydizing  powers,  through  or  near  a  body 
which,  like  phosphorus,  is  in  the  highest  degree  oxydizable,  would  have 
appeared  wholly  improbable. 

One  of  the  most  important  of  Faraday's  discoveries  furnishes  an 
example  of  a  more  complex  induction. 

Oersted  had,  through  an  electrical  current,  induced  magnetism  in 
metallic  conductors ;  the  problem  which  Faraday  proposed  to  himself  was, 
the  reverse,  to  generate  by  means  of  a  magnet  an  electrical  current; 
it  was  directed  to  the  production  of  a  phenomenon,  and  since  its  law 
and  the  way  to  its  discovery  were  unknown,  could  only  be  solved  in  tie 
exx)erimental,  that  is,  in  the  inductive  manner.  The  phenomenon  once 
known  in  all  its  relations,  could  then  first  become  the  subject  of  a 
deductive  scrutiny,  and  the  contrast  of  the  inductive  labor  of  Faraday 
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and  the  deductive  labor  of  Weber  is  here  quite  apparent.  Faraday 
sought,  if  we  may  use  the  expression,  the  tJiing;  Weber  the  principle  or 
thelaw,  I  have  heard  mathematical  physicists  regret  that  Faraday's  trea- 
tises on  such  subjects  were,  in  point  of  style,  nearly  unintelligible  and 
scarcely  readable,  and  that  their  tenor  much  resembled  an  extract  from 
a  day-book ;  but  the  fault  was  in  themselves.  Upon  physicists  who 
have  advanced  by  the  way  of  chemistry  to  physics,  Faraday's  treatises 
make  much  the  impression  of  wonderfully  fine  music. 

The  discovery  of  the  electrical  machine,  the  electrophore,  the  Leyden 
jar,  the  vc^taic  pile,  as  well  as  of  the  three  laws  of  Kepler,  has  been 
achieved  through  the  combinations  of  the  imaginative  power;  and  so  it 
is  also  with  the  procedures  for  the  extraction  of  metals,  which,  as  that 
of  iron  from  iron-stone,  of  silver  from  the  lead  ores,  and  of  copper  from 
the  copper  ores,  are  among  the  most  complicated  of  processes.  The  con- 
version of  iron  into  steel,  of  copper  into  brass,  the  transformation  of 
hide  into  leather,  of  fat  into  soap,  of  common  salt  into  soda,  and  a  thou- 
sand similar  important  inventions,  have  been  made  by  men  who  had  no 
idea,  or  a  wholly  false  one,  of  the  proper  nature  of  the  things  or  pro- 
cesses to  which  they  directed  their  powers  of  ideal  combination. 

The  understanding  has  not  the  least  to  do  with  the  combinations  of 
ideas  which  have  carried  the  manufacturer  of  glove  leather  to  the  tow- 
ers of  the  city  in  order  to  collect  for  his  purposes  the  white  excrement 
of  daws  and  rooks,  or  which  have  led  the  dyer  to  employ  that  of  the 
cow  for  fixing  on  stuffs  his  mordants  and  colors,  or  which,  on  the  lofty 
plains  of  America,  so  i)oor  in  combustible  material,  prompted  the  miner 
to  the  singular  expedient  of  obtaining  silver  in  the  wet  way.  All  this 
will  undoubtedly  appear  remarkable  enough  when  it  is  remembered  that 
until  a  few  years  past,  the  proper  nature  of  glass,  soap,  and  leather  was 
unknown,  and  that  researches  are  still  daily  made  to  determine  precisely 
the  reactions  which  take  place  in  the  melting-oven  during  the  soda 
process.  . 

As  a  last  example  of  the  inductive  procedure  in  technical  processes 
I  will  select  the  lately  discovered  art  of  producing  light-images — ^pro- 
cesses, however,  which  have  not  yet  found  an  explanation.  The  facts 
which  lie  at  the  foundation  of  photography  are  two :  The  one  that  the 
salts  of  silver  (the  chlorine,  bromine,  iodine  of  silver)  are  rendered  black 
by  the  light ;  the  other  that  the  un blackened  combinations  of  silver  are 
soluble  in  sub-sulphurated  natron,  so  that  the  blackened  and  the  un- 
blackened  may  be  separated  from  one  another  by  means  of  this  salt. 

These  two  facts  formed  the  starting  point  of  the  experiments  of  Da- 
guerre  in  Paris  and  of  Talbot  in  London ;  the  first  sought  to  produce 
images  on  silvered  copper-plates,  the  other  on  paper.  When,  in  the 
camera  obscura,  an  image  of  a  tower  or  of  a  house,  for  instance,  is 
thrown  on  paper  overspread  or  saturated  with  chlorine  or  iodine  of  sil- 
ver, there  arises  in  Talbot's  experiments,  after  some  hours'  exposure  to 
the  operation  of  the  light,  a  corresponding  image ;  the  more  lustrous 
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places  become,  in  proportiou  to  the  strength  of  the  Hgbt,  blackened  into 
corresponding  shadows ;  the  obscure  places  remain  white  or  luminous. 
The  sashes  of  a  window,  for  instance,  throw  less  light  on  the  paper  thaa 
the  glass  panes  5  a  dark  stone,  less  than  the  bright  stones.  '  Whatever 
is  dark  in  the  object  appears  bright ;  the  bright,  dark.  There  is  in- 
pressed  on  the  i)aper  a  so-called  negative  image.  If  the  paper  he  noir 
washed  with  a  solution  of  sub-sulphurated  natron,  so  much  of  the  chlo- 
ride of  silver  as  is  unchanged  by  the  light  is  removed;  had  this  remained 
on  the  paper  the  image  would  by  degrees  become  black,  under  the  ope- 
ration of  the  light,  and  again  disappear.  The  salt  mentionesl  is  there- 
fore the  medium  through  which  it  becomes  fixed. 

The  first  images  presented  by  Talbot  were  very  imperfect ;  as  their 
production  required  a  long  exposure  to  the  operation  of  the  light,  only 
the  images  of  perfectly  immovable  objects  could  be  obtained.  The  ei- 
periments  of  Daguerre  gave  occasion  to  the  perfecting  of  Talbot's  pro- 
cedure, but  in  a  singular  manner.  Daguerre  exposed  his  silvered  plates 
to  the  influence  of  the  vapor  of  iodine,  and  in  this  way  gave  them  an 
extremely  thin  coating  of  silver  of  iodine ;  but  from  this  resulted  no 
image  in  the  camera  obscura.  Months  of  trials,  varied  in  all  manner  of 
ways,  afforded  no  results.  At  length  hazard,  in  the  most  proper  sense, 
came  t()  his  aid ;  Daguerre  had  put  aside  a  number  of  the  x)lates  which 
had  served  for  his  experiments  in  an  old  press,  where  they  remained  for 
weeks  without  further  attention.  Happening  on  some  occasion  to  take 
one  of  them  out,  he  saw,  to  his  utmost  surprise,  an  image  traced  upon 
it,  of  the  greatest  distinctness  to  the  minutest  particulars.  No  idea  had 
he  how  it  was  produced,  but,  of  course,  there  must  be  something  in  the 
press  which  had  brought  to  light  the  image  on  the  plate.  Now,  there 
were  all  sorts  of  things  therein :  Utensils,  apparatus,  chemical  reagents, 
and,  among  the  rest,  a  vessel  containing  quicksilver.  Daguerre  pro- 
ceeded to  remove  one  article  after  another,  overlooking,  however,  the 
quicksilver;  and  he  still  procured  images  whenever  he  allowed  one  of 
the  plates,  on  which  he  had  thrown  an  image  in  the  camera  obscura,  to 
relnain  some  two  hours  in  the  press.  Of  the  quicksilver  he  did  not 
think ;  the  old  piess  had  begun  to  appear  to  him  an  enchanted  press. 
At  last  it  occurred  to  him  that  the  image  must  proceed  from  the  quick- 
silver, and  it  turned  out  to  be  what  may  be  called  a  breath  picture.  If 
a  drawing  be  made  with  a  wooden  pencil  on  a  clean  glass  plate,  the 
sharpest  sight  will  fail  to  discover  the  lines,  which  nevertheless  become 
distinguishable  when  the  places  marked  by  the  pencil  are  breathed  upon. 
There  exists,  in  efliect,  in  these  places  and  other  parts  of  the  glass  tn 
unequal  condensation  of  the  watery  vapor  which  is  deposited  thereon  in 
fine  drops. 

In  this  manner  Daguerre's  images  originated.  Quicksilver  is  volatile, 
and  its  vapor  had  been  diff*used  through  the  press  and  settled  in  minute 
drops  on  the  plates,  taking  effect  more  strongly  on  the  more  illuminated 
parts,  so  that  the  outlines  and  shadings  of  all  objects  were  rendered 
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clearly  visible.    I  do  not  propose  to  enter  here  into  tbe  improvement  of 
-tlie  optical  apparatus,  nor  to  explain  how  the  fugitive  images  of  Da- 
gaerre  were,  by  gilding  in  a  chemical  way,  rendered  stable  and  unalter- 
able, but  I  return  to  the  images  on  paper,  and  will  first  speak  of  the  in- 
fluence which  the  Daguerrean  discoveries  had  ui)on  Talbot's  undertaking. 
Da^erre  had  found  that  the  effect  of  the  light  exerted  for  a  second 
on  his  prepared  plates  sufficed,  through  evaporization  with  quicksilver, 
to  bring  out  an  image.    As  Talbot  had  on  his  paper  the  same  prepara- 
tion as  Daguerre  on  his  plates,  he  inferred  that  on  the  paper  also,  by  a 
second's  illumination  in  the  camera  obscura,  the  sun  must  have  pro- 
duced an  impression  ;  he  was  convinced  tbat  an  image  was  present  on 
the  paper,  though  not  a  trace  of  it  was  to  be  seen.    This  conviction  im- 
l)elled  him  to  seek  for  some  medium  through  which  the  figure  might  be 
brought  out ;  there  must  be  something,  he  thought,  by  which  this  could 
be  effected.    Now,  how  came  Talbot  to  employ  a  solution  of  gallic  acid 
for  this  purpose  ? 

Most  persons,  perhaps,  would  be  disposed  to  allege  here,  as  in  Da- 
guerre's  case,  the  intervention  of  hazard,  but  the  choice  of  gallic  acid 
was  no  accident.  Daguerre  had  placed  the  vessel  containing  quick- 
silver in  the  press  with  no  view  to  experiments  ;  his  images  were  pro- 
duced through  no  agency  of  his.  Talbot,  on  the  other  hand,  applied 
himself  to  the  research  for  means  of  accomplishing  a  definite  object,  and 
among  so  many  thousand  substances  his  imaginative  faculty  naturally 
rejected  all  those  which  stood  in  no  relation  to  that  object,  and  dwelt 
only  on  those  which  produce  an  effect  similar  to  that  of  light.  Now, 
light  and  warm  gallic  acid  blacken  the  salts  of  silver ;  the  effect  of  both 
is  identical,  but  that  of  gallic  acid  much  the  stronger.  Tbe  sun's  light 
had,  in  the  camera  obscura,  produced  an  effect  on  the  prepared  paper, 
but  one  too  weak  to  be  perceptible ;  perhaps  it  might,  as  he  argued,  be 
brought  out  and  strengthened  by  gallic  acid.  The  trial  succeeded,  and 
the  correctness  of  the  induction  was  thereby  vindicated. 

From  these  examples  the  nature  of  induction  ought  to  be  intelligible 
to  every  one.  It  will  be  remarked  that  an  acquaintance  with  the  prin- 
ciple of  the  processes,  liow  light  and  gallic  acid  properly  act  upon  the 
salts  of  silver,  whereon  the  solution  of  these  salts  in  sub-sulphurated 
natron  depends,  was  for  Talbot's  as  well  as  for  Daguerre's  i)urpose  per- 
fectly indifferent. 

For  those  persons  who  have  no  acquaintance  with  the  ideal  combina- 
tions of  the  imaginative  power,  they  naturally  do  not  exist,  and  such 
are  for  the  most  part  prone  to  ascribe  to  chance  discoveries  which  pro- 
ceed from  the  most  sagacious  inferences  of  the  faculty.  Chance  has  in- 
deed its  own  part  therein,  since  the  elements  for  the  determinations  of 
the  uftderstanding  are  so  frequently  oft'ered  to  it  by  so-called  accidental 
circumstances.  But  the  fact  that  experimentation  must  be  learned; 
that  it  has  its  rules  and  is  an  art,  and  that  their  results  presuppose  a 
very  widely  ranging  acquaintanceship  with  facts  or  sensible  phenomena, 
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teaches  us  that  it  rests  on  a  properly  intellectual  labor,  in  which  tlieun- 
derstnnding  participates  as  a  useful  counsellor  and  assistant^  but  with- 
out guiding  it  and  without  its  being  dependent  thereupon. 

In  science,  as  well  as  in  common  life,  the  operations  of  the  mind  are 
executed  not  according  to  the  rules  of  logic,  but  the  conception  of  a 
truth,  the  idea  of  a  process  or  the  cause  of  a  phenomenon,  generaDy 
precedes  the  demonstration ;  the  conclusion  is  not  reached  throogb  the 
premises,  but  the  conclusion  goes  before,  and  the  premises  are  then  first 
sought  out  as  proof.  In  a  conversation  with  a  celebrated  French  math- 
ematician, on  the  part  which  the  imaginative  faculty  bears  in  scientific 
labors,  he  expressed  himself  to  the  effect  that  by  far  the  greater  namber 
of  mathematical  truths  are  obtained,  not  by  deduction,  but  throogli 
the  inventive  or  imaginative  power,  and  in  this  he  had  a  view  even  to 
the  properties  of  the  triangle,  the  ellipsis,  &c.,  which  is  sayiug  httle 
else  than  that  the  mathematician,  as  well  as  the  physicist,  can  do  noth- 
ing for  his  science  without  artistic  endowment. 

It  is  scarcely  necessary  to  say  that  for  deductive  as  well  as  indactive 
research,  if  any  results  are  to  follow,  a  certain  extent  of  information  is 
prerequisite ;  for  the  deductive  research,  a  well-grounded  knowledge  of 
laws  already  discovered,  to  which  previous  reading  and  books  are  con- 
tributary;  for  inductive,  a  comprehensive  acquaintance  with  mate- 
rial phenomena  which  is  to  be  acquired  in  chemical,  physical,  and  physi- 
ological laboratories.  As  schools,  these  last  are  a  modem  creation,  and 
their  influence  in  the  development  of  all  departments  of  physical  sci- 
ence is,  to  the  reflecting  observer,  a  thing  not  to  be  questioned. 

To  an  acquaintance  \^ith  sensible  phenomena  or  the  knowledge  of  the 
nature  and  action  of  things,  must  be  united  in  the  case  of  the  inductive 
inquirer,  if  he  would  duly  resolve  the  problems  presented  to  him,  a  mem- 
ory for  sensible  phenomena,  a  memory,*  it  might  be  said,  of  sight,  taste, 
and  smell,  together  with  a  certain  degree  of  artistic  expertness  an^  dex- 
terity. The  broader  and  more  comprehensive  his  knowledge  of  facts 
and  phenomena,  oi^  as  it  is  usual  to  say,  the  greater  his  experience,  so 
much  the  more  will  his  labor  be  lightened ;  an  experienced  man  makes 
much  fewer  experiments  than  the  inexperienced,  who  must  make  him- 
self acquainted  with  many  phenomena  which  to  the  other  are  already 
familiar ;  to  the  former,  indeed,  for  the  attainment  of  many  ends,  numer- 
ous experiments  would  be  superfluous,  since  the  combination  of  pro- 
cesses and  facts  already  within  his  knowledge,  abundantly  suffices. 

In  the  solution  of  their  respective  problems,  the  deductive  and  inda6 
tive  inquirer  begin  in  the  same  manner ;  the  one,  like  the  other,  starts 
from  a  complex  idea  of  the  understanding  or  the  imaginative  power,  of 
which  in  general  only  a  part  is  true,  while  the  other  parts  rest  on  erro- 
neous inferences  or  combinations.  The  deductive  inquirer  tests  and  ex- 
periments with  intellectual  conceptions  in  order  to  And  the  truth,  jost 
as  the  inductive  inquirer  does  with  sensible  ideas  in  order  to  find  the 
thing  sought  for ;  both,  in  the  prosecution  of  their  inquiries,  strip  away. 
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by  testing  and  improving,  what  is  false,  and  detect  the  parts  which  are 
wanting  to  complete  the  idea  submitted  to  examination.  The  idea  from 
which  they  set  out  is  not  unfrequently  wholly  false,  and  the  true  is  first 
sprung  in  the  course  of  the  investigation.  Hence,  the  doctrine  of  many 
of  the  greatest  inquirers  that  the  labor  is  everything,  and  that  any 
theory  may  lead  to  truth,  provided  it  gives  the  impulse  to  toil. 

In  deductive  inquiry,  it  is  the  conviction  of  the  correctness  of  a  con- 
cluding idea  {8chluss-id4ie)  which  stimulates  the  understanding  of  the  in- 
quirer to  its  appropriate  activity  5  and  so  with  the  experimental  arti- 
ficer, the  conviction  of  the  existence  of  a  thing  is  the  first  and  most 
efficacious  incitement  to  the  movements  of  the  imaginative  power ;  the 
discovery  of  a  new  fact  or  reaction,  to  which  the  idea  of  something 
before  unknown,  something  useful  or  important  for  industry  or  life,  at- 
taches, is  sufficient  to  awaken  the  conyiction  of  its  existence  in  many 
individuals,  and  it  not  unfrequently  happens  that  it  is  in  reality  simul- 
taneously discovered  by  several. 

Understanding  and  imagination  are  alike  necessary  to  our  knowledge, 
and  in  science  are  alike  authorized  5  they  both  have  an  allotted  part  in 
all  problems  of  physics  and  chemistry,  of  medicine,  of  public  economy, 
history  and  philology,  and  comprise  each  a  certain  space  in  its  appro- 
priate province.  The  part  in  which  the  imaginative  faculty  bears  sway 
is  proportionately  wider  and  more  comprehensive,  as  the  positive  knowl- 
edge with  which  the  understanding  circumscribes  it  is  more  indetermi- 
nate and  indistinct.  Progress  consists  in  this,  that  with  the  increase 
of  knowledge,  the  conceptions  which  have  sprung  from  the  imagination 
vanish,  and  while  in  the  first  periods  of  science  this  faculty  had  undis- 
puted ascendancy,  at  a  later  stage  it  subordinates  itself  to  the  under- 
standing and  becomes  to  the  latter  a  helpful  and  willing  servant. 

Induction  under  the  guidance  of  the  imagination  is  intuitive  and  cre- 
ative, but  vague  and  extravagant ;  deduction  under  the  guidance  of  the 
understanding  analyzes  and  limits,  and  is  definite  and  measurable. 

One  of  the  most  essential  characters  of  deductive  inquiry  in  science 
is  measure^  and  the  ultimate  aim  of  all  its  labors  is  directed  to  an  unal- 
terable numerical  expression  for  the  properties  of  things,  for  processes 
and  phenomena.  Imagination  compares  and  discriminates,  but  meas- 
ures not,  for  measurement  implies  a  scale,  and  that  is  a  product  of  the 
understanding. 

By  the  introduction  of  science  into  an  art  accrues  an  advantage, 
scarcely  enough  appreciated ;  that  science  abolishes  art  as  such,  and 
what  is  individual  in  it,  while  resolving  it  into  rules  which  may  be 
taught  and  learned ;  through  a  knowledge  of  which  rules  even  the  un- 
proficient  in  business,  industry,  husbandry,  and  technics,  is  invested 
with  the  i)Ower  of  the  most  proficient,  most  skillful,  and  most  experi- 
enced practitioner,  who  attains  his  aims  by  the  shortest,  surest,  and 
most  economical  means.  What  before  was  proper  to  the  individual  be- 
becomes  thenceforth  the  joint  property  of  all.- 
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MEDICAL  PRACTICE. 


By  Rev.  Samuel  Haughton,  of  Dublin. 


Mr,  President  and  Gentle^ien:  Man,  like  other  animals,  is  born, 
grows,  comes  to  maturity,  reproducer  bis  like,  and  dies,  passing  in  Lis 
lifetime  tbrough  a  cycle  of  cbanges  that  may  be  compared  to  a  secular 
variation,  by  a  metaphor  borrowed  from  the  science  of  astronomy;  wliile 
in  his  daily  life  he  passes  througli  a  smaller  cycle  of  changes  that  may 
be  called  periodic. 

From  the  time  of  the  publication  of  Bichat's  celebrated  Essay  on  Life 
and  Death,  it  has  been  admitted  that  man  and  other  animals  possess  a 
double  life,  animal  and  organic,  presided  over,  respectively,  by  two  dis- 
tinct though  correlated  centers  of  nervous  force ;  of  these,  one  think:?, 
moves,  and  feels;  the  other  merely  cooks,  receiving  the  food  supplicxl, 
changing  and  elaborating  it  into  elements  suitable  for  the  use  of  the 
animal  life.  In  the  lower  forms  of  animals  the  organic  life  becomes 
almost  coextensive  with  the  whole  being  of  the  creature,  which  simply 
digests,  assimilates,  and  excretes,  but  barely  feels  or  moves;  in  the 
higher  forms  of  animals,  and  more  especially  in  man,  the  animal  life 
dominates  over  the  organic  life,  which  becomes  its  slave,  and  exhibits 
the  remarkable  phenomena  of  mechanical  force,  of  geometrical  instinct, 
of  animal  cunning,  and,  finally,  in  man  himself,  produces  intellectual 
work,  rising  to  its  highest  form  in  the  religious  feeling  that  i^ecognizos 
its  gi'^it  Creator,  and  bows  in  humility  before  Him.  It  is.  a  simple 
matter>of  fact,  and  of  everyday  observation,  that  all  these  forms  of 
animal  work  are  the  result  of  the  reception  and  assimilation  of  a  fevr 
cubic  feet  of  oxygen,  a  few  ounces  of  water,  of  starch,  of  fat,  and  of 
flesh. 

The  general  question  of  the  relation  of  food  to  work  would  involve  a 
consideration  of  the  possibility  of  throwing  a  bridge  across  the  gulf  that 
separates  the  organic  from  the  animal  life,  so  as  to  connect  the  products 
of  nutrition  (taken  in  its  widest  sense)  with  the  work  of  every  kind 
accomplished  by  the  animal  life,  whether  mechanical  or  intellectual. 
We  resemble  the  spiders  of  the  heather  on  a  summer  morning,  that  float 
their  gossamer  threads  into  the  air  fix)m  the  summit  of  a  branch,  in  the 
hope  that  some  stray  breath  of  wind  may  fasten  them  to  a  neighboring 
tuft,  and  enable  the  hungry  speculator  to  extend  the  range  of  his  ram- 
bles and  his  chance  of  food.  Already  a  few  feeble  threads  connect  the 
chemistry  of  our  food  with  the  mechanical  work  done  by  our  muscles; 
when  these  shall  have  beeu  securely  fastened^  from  the  higher  vantage 
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ground  thus  acquired,  our  little  bridge  of  knowledge  may  possibly  be 
extended  to  embrace  the  phenomena  of  the  geometrical  instinct  of  the 
be^,  or  the  cunning  of  the  beaver,  and  our  successors  ma3'  even  dare  to 
speculate  on  the  changes  that  converted  a  crust  of  bread  or  a  bottle  of 
wine,  in  the  brain  of  Swift,  Moliere,  or  Shakespeare,  into  the  conception 
.  of  the  gentle  Glumdalclitch,  the  rascally  Sganarclle,  or  the  immortal 
Falstafif.  At  present  such  thoughts  would  be  justly  regarded  as  the 
dreams  of  a  lunatic,  and  I  must  crave  your  indulgence  for  having  men- 
tioned them.  The  history  of  science  is,  how^ever,  filled  with  such 
dreams — some  never  realized,  others  converted  by  time  into  realities  so 
commonplace  that  the  genius  of  their  originators  is  habitually'  forgotten 
or  underrated. 

During  childhood  and  youth  the  food  that  we  eat  is  used  for  the 
double  purpose  of  building  up  the  tissues  of  the  bones,  itiuscles,  brain, 
and  other  organs  of  the  body,  and  of  supplying  the  force  necessary  for 
work  done,  whether  mechanical  or  intellectual.  In  adult  life  the  first 
use  of  food  almost  disappears,  for  the  bones,  muscles,  brain,  and  other 
organs  have  already  reached  their  full  development,  and  act  simply  as 
the  media  of  communication  between  the  food  received  and  the  work 
developed  by  it. 

Let  us  take,  as  illustrations,  the  muscles  and  brain,  regarded  as  the 
organs  by  means  of  which  mechanical  and  intellectual  work  is  done. 
These  organs  resemble  the  piston,  beam,  and  flywheel  of  the  steam- 
engine,  and,  like  them,  only  transmit  or  store  up  the  force  communicated 
by  the  steam  in  one  case,  and  by  the  products  of  the  food  conveyed  by 
the  blood  in  the  other  case.  The  mechanical  work  done  bj'  the  steam- 
engine  must  be  measured  by  the  loss  of  heat  experienced  by  the  steam 
in  passing  from  the  boiler,  through  the  cylinder,  to  the  condenser,  and 
not  by  the  loss  of  substance  undergone  by  the  several  parts  of  the 
machinery  on  which  it  acts.  In  like  manner,  the  mechanical  or  intel- 
lectual work  done  by  the  food  we  eat  is  to  be  measured,  not  by  the 
change  of  substance  of  the  muscles  or  brain  employed  as  the  ageiits  of 
that  work,  but  simply  by  the  changes  in  the  blood  that  supplies  these 
organs,  that  is  to  say,  undergone  by  the  food  used  in  its  passage 
through  the  various  tissues  of  the  body,  before  it  is  finally  discharged 
in  the  form  of  water,  carbonic  acid,  or  urea. 

The  Divine  Architect  has  so  framed  the  animal  machine,  that  moves 
and  thinks,  that  the  same  blood  which,  by  it&  chemical  changes,  pro- 
duces movement  and  thought,  also  repairs  the  necessar}'  waste  of  the 
muscles  and  brain,  by  means  of  which  movement  and  thought  are  pos- 
sible; just  as  if  the  steam  that  works  an  engine  were  able,  without  the 
aid  of  the  engineer,  to  repair  the  wear  and  tear  of  its  friction  and  waste 
spontaneously;  but  no  greater  mistake  is  possible  in  physiology  than  to 
suppose  that  the  products  of  the  changes  in  the  blood  by  which 
mechanical  or  intellectual  work  is  done  are  themselves   merely  the 
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result  of  the  waste  of  the  organs,  whether  muscles  or  brain,  on  tbc 
exercise  of  which  that  work  depends.* 

The  ancients,  who  derived  all  their  knowledge  from  observation,  and 
not  from  experiment,  were  well  aware  of  the  double  duty  imposed  npon 
food  in  early  life — of  producing  both  the  secular  and  the  periodic  varia- 
tions of  the  body,  or,  in  other  words,  of  promoting  growth,  and  of 
developing  work.  Their  practical  knowledge  is  summed  up  by  Hippo- 
crates in  the  aphorism,  "Old  men  bear  want  of  food  best;  next  those 
that  are  adults.  Youths  bear  it  least,  more  especially  children,  and  of 
these  the  most  lively  are  the  least  capable  of  enduring  it.^ 

The  food  consumed  in  twenty-four  hours,  including  air  and  water, 
undergoes  a  series  of  changes  of  a  chemical  character  before  lea\Tng  the 
bod^^,  in  the  form  of  one  or  other  of  its  excretious.  Some  of  these  changes 
develop  force*  and  others  expend  force,  but  the  algebraic  sum  of  all  the 
gains  and  losses  of  force  represents  the  quantity  available  for  wort 
This  work  must  be  expended  as  follows: 

1.  The  work  of  growth,  {secular.) 

2.  The  work  of  maintaining  heat,  {periodic.) 

3.  Mechanical  work,  {periodic.) 

4.  Vital  work,  {periodic.) 

During  childhood  and  youth  the  work  of  growth  is  positive,  for  a  cer- 
tain proportion  of  the  food  used  is  employed  in  building  up  the  tissues 
of  the  body  instead  of  being  expended  in  actual  work ;  it  is,  in  fact, 
** stored  up"  in  the  body,  as  vis  viva  is  stored  up  by  the  fly-wheel  of 
machinery,  and  constitutes  a  reservoir  of  force  that  may  be  called  upon 
at  an  emergency  requiring  sudden  expenditure  of  force,  as  in  case  of 
illness,  or  to  supply  the  gradual  wasting  of  old  age.  In  adult  life  and 
in  old  age,  the  work  of  growth  ceases  completely,  except  so  far  as  is 
necessary  to  repair,  from  day  to  day,  the  small  wastes  of  the  organs 
employed  in  work;  so  that  nearly  the  whole  of  the  food  employed  is 
exi)ended  on  the  periodic  work  of  the  body.  Hence  we  can  readily  see 
the  reason  for  the  aphorism  which  asserts  that  food  is  more  necessary 
for  the  young  than  for  the  old,  and  more  required  by  those  of  a  lively 
disposition,  either  of  mind  or  body,  than  by  others. 

*  The  very  skiU  with  which  provision  is  made  for  the  repair  of  the  waste  of  the  organ 
used  as  the  iustrument  of  work  may  mislead  the  observer  into  supposing  that  the  \rork 
itself  may  be  measured  by  the  waste  of  its  instrument.  Thus,  it  has  been  shown  bj 
Mr.  A.  Macalister,  of  Dublin,  that  the  heart,  which  has  imposed  upon  it  the  neceasitT 
of  working  day  and  night  without  ceasing,  daring  life,  is  furnished  with  double  the 
usual  supply  of  blood  through  the  coronary  arteries,  which  are  injected  twice  for  eveiy 
single  beat  of  the  heart.  If,  indeed,  it  were  possible  to  assume  that  all  muscles  wasted 
equally  for  equal  quantities  of  work,  and  also  to  measure  separately  the  products  of 
that  waste,  we  might  then  assume  the  waste  of  the  organ  as  the  measure  of  ita  work. 
Neither  of  these  assumptions,  however,  can  be  admitted,  for  it  can  be  shown  that  dif- 
ferent muscles  act  under  different  conditions  more  or  less  advantageously,  so  that  equal 
waited  would  represent  unequal  works;  and,  also,  it  is  impossible  to  separate  in  prac- 
tice the  products  of  waste  of  muscles  from  those  of  the  general  changes  of  the  blood. 
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HIPPOCRATIO  DQCTRINE  OF  INNATE  HEAT. 

« 

Hippocrates  was  well  aware  of  the  connection  between  food  and 
animal  heat,  although  he  erroneously  regarded  the  animal  heat  as  an 
innate  property  of  the  body  that  caused  an  appetite  for  food,  instead  of 
being  itself  produced  by  food ;  if  we  transpose  his  cause  and  effect, 
mutatis  mutandu^  all  his  maxims  as  to  animal  heat  are  true.  Thus,  he 
says: 

"Growing  animals  possess  most  innate  heat,  hence  they  require  most 

food; but  the  old  have  least  heat,  and  therefore  require 

the  least  fuel.^ 

"The  cavities  of  the  body  are  naturally  warmest  in  winter  and  spring; 

in  these  seasons  therefore  most  food  must  be  given ;  and 

since  there  is  more  innate  heat,  more  nourishment  is  required;  as  may 
be  seen  in  youths  and  athletes." 

These  maxims,  when  translated  into  modern  language,  express  the 
well-known  fact  that  the  chemical  changes  of  food  that  take  place  in 
the  body  produce  animal  heat,  and  that  the  necessity  for  food  to  supply 
mechanical  work  is  greatest  with  the  young  and  active,  while  the  neces- 
sity for  the  production  of  animal  heat  is  greatest  in  the  cold  seasons  of 
the  year.  The  direct  connection  of  food  with  mechanical  work  is 
expressed  in  the  following  maxims: 

"There  should  be  no  labor  when  there  is  hunger;''  and  its  converse, 
"  Let  labor  precede  meals." 

On  principles  such  as  those  just  given,  the  training  of  the  athletes 
was  conducted ;  and  they  were  compelled  to  undergo  a  regular  course, 
commencing  with  blood-letting  and  active  purgation,  and  consisting 
of  systematic  muscular  exercise  suited  to  the  nature  of  the  contest  in- 
tended, accompanied  by  a  dietaiy,  of  which  the  chief  ingredients  consisted 
of  biscuits  and  pigs'  kidneys,  washed  down  by  a  minimum  of  water.  It 
is  truly  not  much  to  be  wondered  at  that  those  who  survived  the  train- 
ing were  formidable  in  the  boxing-ring  or  race-course. 

The  relation  of  animal  heat  to  respiration  is  referred  to  by  Hippocrates 
in  a  remarkable  maxim : 

"Those  persons  have  the  loudest  voices  who  have  most  [innate] 
heat,  for  they  inspire  the  largest  quantities  of  the  cold  air;  and  the  pro- 
duct of  two  great  quantities  must  be  itself  great." 

Galen  believed  the  heart  to  be  the  center  of  "innate  heat,"  but  he  was 
well  aw.are  that  increase  or  diminution  of  respiration  caused  increase  or 
diminution  of  heat,  and  was  intimately  connected  with  it.    Thus  he  says: 

"  Since,  therefore,  the  heart  is,  as  it  were,  the  hearth  and  fountain  of 
the  innate  heat  with  which  the  animal  is  pervaded,"  &c. 

"The  necessity  for  respiration  is  the  greatest  and  most  imperious 
guard  of  the  innate  heat." 

"  Those  persons  in  whom  the  innate  heat  has  been  much  cooled  breathe 
but  little  and  slowly." 
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LAVOISIER'S  THEORY  OF  ANIMAL  HEAT. 

The  doctrine  of  "innate"  lieat,  taught  by  Hippocrates  and  Galen,ruled 
in  medicine  for  fifteen  hundred  years  after  Galen's  death,  until  it  received 
its  death-blow  from  the  genius  of  Lavoisier,  who  demonstrated  in  his 
celebrated  memoir  read  before  the  French  Academy  of  Sciences  in  1783, 
that  the  source  of  animal  heat  is  to* be  found  in  the  combustion  of  the 
carbon  of  the  body  by  the  oxygen  of  the  air  received  into  the  lungs  by 
respiration.  Lavoisier's  experiments  were  repeated  and  confirmed  in 
1822  by  Dulong  and  Despretz,  and  have  formed  the  starting-point  f«jr 
all  modern  investigations  on  the  relation  of  food  to  work.  As  already 
stated,  the  work  done  by  food  in  the  bod^^  may  be  divided  into — 

1.  The  work  of  growth. 

2.  The  work  of  animal  heat. 

3.  Mechanical  work. 

4.  Vital  work. 

Lavoisier  arranged  his  experiments  so  as  to  exclude  almost  all  the 

foregoing  kinds  of  work  except  that  of  animal  heat.     A  Guinea-pig 

was  placed  under  a  bell-glass  inverted  over  a  surface  of  mercury,  and  a 

current  of  fresh  air  was  allowed  to  circulate  through  the  apparatus, 

being  passed  at  its  final  exit  through  tubes  containing  caustic  potash, 

which  arrested  the  carbonic  acid  produced  by  tlue  animal.    In  this 
maimer  it  was  easy  to  ascertain  the  carbonic  acid  excreted  by  the 

increase  in  weight  of  the  tubes  of  caustic  potash  during  the  experiment. 

Lavoisier  found  that  his  Guinea  pig,  in  ten  hours,  burned,  on  the 
average,  3.333  grams  of  carbon ;  and  this  quantity  of  carbon  he  esti- 
mated, from  other  experiments,  as  capable  of  melting  32G.75  grams 
of  ice  at  the  freezing  temperature.  The  same  Guinea  ing  was  then 
placed  in  an  ice-calorimetef,  and  left  in  it  for  ten  houi^,  during  which 
time  the  heat  of  its  body  was  found  to  have  melted  402.27  grams  of  ice 
at  the  freezing  temperature. 

If  we  use,  instead  of  the  coefficient  of  combustion  of  carbon  employed 
by  Lavoisier,  that  now  generally  adopted  from  the  experiments  of  Fa\Te 
and  Silbermann,  the  quantit}^  of  melted  ice  represented  by  3J  grams  of 
carbon  would  become  304.78  grams  instead  of  32G.75  grams.  We  are, 
therefore,  entitled  to  say  that  the  heat  of  combustion  of  expired  carbon 
determined  by  Lavoisier  is  equal  to 

^?^if  =  90.68  per  cent. 
402.27  '■ 

of  the  animal  heat  developed,  which  is  regarded  as  100  parts. 

Two  years  later,  in  1785,  Lavoisier  laid  before  the  Royal  Society  of 
Medicine  of  Paris,  an  account  of  further  experiments,  also  conducted  on 
the  breathing  of  Guinea  pigs,  by  which  he  showed  that  of  100  parts  of 
oxygen  absorbed  by  those  animals,  81  only  reappeared  in  the  form  of 
carbonic  acid,  and  19  parts  disappeared  altogether.  Lavoisier  consid- 
ered that  these  19  parts  of  oxygen  were  employed  in  the  body  in  the 
combustion  of  hydrogen,  the  product  of  such  combustion  being  water. 
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If  we  use  Lavoisier's  data  just  given,  and  the  known  atomic  weights 

of  carbon,  oxygen,  and  hydrogen,  we  shall  have,  for  81  parts  of  oxygen 

in  the  form  of  carbonic  acid,  and  19  parts  of  oxygen  in  the  form  of 

water,  the  following  quantities  of  carbon  and  hydrogen  consumed  by 

the  respinition  of  his  G.iinea  pig  in  the  same  time: 

Carbon  =  ^-^^ :  hydrogen  =  ^ 

16  8 

Multiplying  these  numbers  by  the  heat-coeflBcients  of  Favre  and  811- 

bermann,  we  find — 

Heat  produced  by  carbon  =  ^  ^^^  x  8080     . 

Heat  produced  by  hydrogen  =  -_  x  34462 

o 

It  has  been  already  shown  that  the  heat  developed  by  the  combustion 
of  carbon  in  Lavoisier's  experimeut  amounted  to  90.68  per  cent,  of  the 
heat  emitted  by  the  animal;  hence  the  heat  produced  by  the  combustion 
of  the  hydrogen  will  amount  to — 

at^asi  ^  19  X  34462  ^  16  «^^. 

90.68  X  g X  ^_^j_^ggg  =  30.24 

By  adding  together  the  heats  due  to  the  carbon  and  hydrogen,  we  find 
that  Lavoisier's  experiments,  when  fairly  interpreted  by  the  data  of 
modem  science,  give  the  following  results: 

Heat  produced  by  the  combustion  of  carbon  and  hydrogen 120. 92 

A  nimal  heat 100. 00 

Finally,  in  1789,  Lavoisier  published  further  experiments,  by  which 
he  showed  conclusively  that  the  consumption  of  ox^^gen  by  the  body  is 
notably  increased  by  three  causes — 

1.  By  a  lowering  of  the  external  temperature. 

2.  By  the  act  of  digestion. 

3.  By  muscular  exercise. 

The  experiments  of  Lavoisier  were  repeated  in  1822  by  Dulong  and 
Despretz,  and  their  results,  when  corrected,  like  those  of  Lavoisier,  by 
using  the  modern  heat-coefficients  of  carbon  and  hydrogen,  are  as  fol- 
lows: 

The  mean  of  Dulong's  experiments  on  sixteen  animals  and  birds  is 
90.6  per  cent,  of  the  animal  heat  given  out;  the  lowest  number,  85.5, 
belonging  to  a  kitten  sixty  days  old ;  and  the  highest  number,  99.4, 
belonging  to  a  puppy  fifty  days  old. 

M.  Despretz  obtained  an  average  of  92.3  from  sixteen  mammals  and 
birds;  his  highest  number  being  101.8,  derived  from  an  old  female  rab- 
bit; and  his  lowest  number  being  84.2,  derived  from  four  owls. 

The  foregoing  experiments  left  no  doubt  remaining  in  the  minds  of 
men  of  science  as  to  the  substantial  truth  of  Lavoisier's  doctrine  of  ani- 
mal heat;  and  led  immediately  to  a  number  of  supplementary  experi- 
ments, among  the  most  remarkable  of  which  were  those  of  Kegnault 

and  Beiset. 

18  s 
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Eegnault  directed  his  attention  especially  to  the  distribution  of  the 
oxygen  absorbed  by  animals,  between  the  carbon  and  hydrogen  of  their 
blood  or  tissues,  which  had  beeu  laid  down  by  Lavoisier  in  the  proiw- 
tion  of  81  to  19.  He  found  that  the  proportion  was  not  a  fixed  one,  but 
varied  with  the  food  in  a  very  instructive  manner. 

The  average  of  his  experiments  on  fourteen  animals,  including  worlbi 
lizards,  and  insects,  as  well  as  birds  and  mammals,  was — 

Oxygen  combined  with  carbon 81. 7 

Oxygen  combined  with  hydrogen 19. 3 

a  result  nearly  iaentical  with  that  found  by  Lavoisier.  The  highest 
proportion  of  oxygen  combined  with  hydrogen  occurred  in  the  case  of 
chickens  fed  on  meat,  and  amounted  to  32  per  cent.;  and  the  lowest 
proportion  occurred  in  the  case  of  rabbits  fed  on  bread  and  oats,  and 
amounted  to  1  per  cent.  only. 

Still  more  recent  experiments,  made  with  improved  apparatus  and 
methods  by  Pettenkofer  and  Voit,  in  Munich,  show,  like  those  of  Eeg- 
nault, that  the  proportion  of  the  oxygen  employed  in  forming  carbonic 
acid  to  the  whole  oxygen  absorbed  varies  with  the  food,  ranging  in  the 
case  of  a  large  dog  from  52.4  to  148.2,  according  as  the  animal  was  kept 
altogether  without  food,  or  fed  upon  a  mixed  diet  of  meat  and  sugar. 
These  investigations  have  also  shown  that,  under  ordinary  conditions, 
it  is  probable  that  a  dog  consumes  nearly  all  the  oxygen  absorbed  in 
the  formation  of  carbonic  acid. 

Before  leaving  the  subject  of  animal  heat,  it  is  worth  while  to  estimate 
its  amount  in  a  manner  that  will  bring  it  into  comparison  with  ordinary 
mechanical  woric. 

In  Lavoisier's  experiment  with  the  Guinea  pig,  402.27  grams  of  ice 
were  melted  in  ten  hours;  from  this  fact  we  find,  assuming  the  latent 
heat  of  ice  at  142°  F.,  and  772  as  Joule's  coefficient  for  converting  Brit- 
ish heat-units  into  foot-pounds, 

Meclmnical  worJc-equivalent  to  the  daily  animal  heat  ofLavoimer^s  Oninoi 

pig  = 

402.27  X  24  X  142  X  15.432  x  772       q^o,.^  -_. 
TOOOino =  -^^^  foot-pounds. 

As  the  average  weight  of  a  Guinea  pig  is  four  pounds,  the  preceding 
amount  of  work,  representing  animal  heat,  would  be  sufficient  to  raise 
the  weight  of  the  animal  through  a  vertical  height  of — 

Banke  has  shown,  by  experiments  made  upon  himself,  under  viyrioos 
conditions  of  food  and  fasting,  by  means  of  Pettenkofer  and  Voit's  appa- 
ratus, that  his  daily  excretion  of  carbonic  acid  varied  from  660  grams  to 
860  grams,  showing  a  mean  of  760  grams.  His  weight  was  67  kilograms, 
from  which  fact,  and  the  assumption  that  an  English  mile  is  1,600  meters, 
we  obtain,  employing  the  constants  already  given,  the  height  through 
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"which  the  combustion  of  760  grams  of  carbonic  acid  would  raise  the 
^weight  of  67  kilograms  in  24  hours — 

_  760  X  6  X  8.080  x  423  _  ^  ^^  ^j^^ 
22  X  07  X  1600 

The  extreme  values  of  the  carbonic  acid  excreted,  viz,  660  grams  and 
860  grams,  would  correspond  to  the  heights  of  5.74  miles  and  7.48  miles, 
respectively. 

Dr.  Edward  Smith  has^  estimated  the  daily  excretion  of  carbon  from 
the  lungs,  in  the  case  of  four  persons,  as  follows : 

Body  weight.  Carbon. 

Mr.  Moul 173  pounds.  6.  735  ounces. 

Dr.  E.  Smith 196  pounds.  7. 85  ounces. 

Prof.  Frankland 136  pounds.  5. 60  ounces. 

Dr.  Murie 133  pounds.  6. 54  ounces. 

In  order  to  convert  the  preceding  data  into  vertical  miles  through 
which  the  body  weignt  is  lifted,  we  must  multiply  the  ounces  of  carbon 
by  the  following  coefficient,  and  divide  the  product  by  the  body  weight: 

Coeff.  =  y^^^JJ^f  =  132.91 
16  X  5  X  5280 

log  (coeff.)  =  2.1235473 

We  thus  obtain,  for  the  heights  through  which  the  carbon  consumed* 
would  lift  the  observers — 

Mr.  Moul 6. 17  miles. 

Dr.  E.  Smith 5. 32  miles. 

Prof.  Frankland 5. 47  miles. 

Dr.  Murie 6. 53  miles. 

Pettenkofer  and  Yoit  succeeded  in  producing  a  range  of  carbonic  acid 
excreted  by  a  large  dog,  weighing  33.3  kilograms,  from  289.4  grams  to 
840.4  grams ;  the  minimum  corresponding  to  the  10th  day  of  fasting 
from  solid  food,  and  the  maximum  corresponding  to  a  diet  of  1,800  grams 
of  meat,  350  grams  of  fat,  and  1,410  grams  of  water. 

It  may  be  edsily  shown,  by  a  calculation  similar  to  the  foregoing,  that 
these  excretions  of  carbonic  acid  correspond  to  the  mechanical  works  of 
lifting  the  weight  of  the  dog  through  vertical  heights  of  5.03  miles  and 
14.62  miles,  respectively. 

Combining  together  the  preceding  results,  and  expressing  them  all  in 
the  natural  units  of  the  weights  of  the  animals  lifted  through  a  height, 
we  find — 

Work  due  to  animal  heat. 

MAN. 

1.  Dr.  Ranke,  (fasting) 5.  74  miles. 

2.  Dr.  Ranke,  (well  fed) 7. 48  miles. 

3.  Mr.  Moul 5. 17  miles. 
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4.  Dr.  E.  Smith 5. 32  milea. 

6.  Prof.  Frankland 5. 47  miles. 

6.  Dr.  Murie 6. 53  miles. 

Mean 5. 952  miles. 


This  result  agrees  very  closely  with  the  calculation  already  made  from 
760  grams  of  carbonic  acid,  in  the  case  of  Dr.  Banke,  viz,  6.609  miles. 

Work  due  to  animal  heat, 

ANIMALS. 

1.  Guinea  pig 11. 05  miles. 

2.  Dog,  (fasting) 5.  03  miles. 

3.  Dog,  (overfed) 14.  62  miles. 

Mean 10.  233  miles. 


SOURCE  OF  MUSCULAR  WORK. 

As  soon  as  it  was  satisfactorily  established  by  Lavoisier  and  his  sacr 
cessors  that  the  natural  combustion  of  carbon  and  hydrogen  in  the  blood 
was  sufficient,  or  somewhat  more  than  sufficieut,  to  account  for  the  ani- 
mal heat,  it  became  a  matter  of  great  interest  to  physiologists  to  ascer- 
tain, if  possible,  how  much  of  the  work  developed  in  the  blood  by  chem- 
ical changes  is  employed  in  producing  animal  heat,  how  much  in 

mechanical  work,  external  and  interaal,  and  how  much  in  \ital  or  mental 
operations. 

At  the  outset  of  this  inquiry,  it  received  a  misdirection  from  the  con- 
jecture thrown  out  by  Liebig,  that  the  excretion  of  nitrogen  (in  the  form 
of  urea)  gave  necessarily  the  measure  of  the  wear  and  tear  of  the  mus- 
cular tissues  themselves,  which  are  composed  of  proteinic  or  nitrogenous 
compounds.  This  conjecture  led  to  Liebig's  celebrated  classification  of 
food  into  heat-producing  and  flesh-forming  foods,  which  has  been  unhes- 
itatingly received  until  lately,  in  this  country,  by  ph^^siologists  and 
physicians.  Before  investigating  the  truth  or  falsehood  of  Liebig^ 
theory,  it  is  worth  while  to  state  the  most  recent  results  obtained  as  to 
the  muscular  work  per  day  of  which  man  is  capable. 

From  numerous  observations,  of  which  some  were  made  by  myself^  on 
the  daily  labor  of  hodmen,  paviors,  navvies,  and  pedlars,  I  have  obtained 
the  following  mean : 

Daily  labor  of  man  ==  353.75  foot-tons  =  109549  kilometers. 

This  quantity  of  work  is  the  exact  equivalent  of  the  work  done  by  a 
man  of  150  pounds  weight  in  climbing  through  one  mile  of  vertical 
height,  and  is,  as  I  have  already  shown,  about  one-sixth  part  of  the 
work  expended  in  producing  and  maintaining  animal  heat. 

I  was  led  to  believe,,  ftom  Vuxe.^\\^^t\o\i%  made  to  determine  the  qoan- 


RELATION    OF   FOOD   TO    WORK,    AND  277 

'taty  of  urea  excreted  in  various  diseases,  that  a  certaia  minimum  quau- 
"tity,  equivalent  to  2  grains  per  pound  of  body  weight,  was  excreted 
cjuite  independently  of  muscular  exertion,  and  I  proved  that  death  was 
2)receded  in  many  chronic  diseases  by  a  fall  in  the  urea  excreted  to  2 
grains  per  pound.  These  investigations  were  made  chiefly  on  patients 
dying  of  advanced  kidney  disease,  in  which  the  excretion  of  albumen 
had  nearly-  or  altogether  cejised,  and  of  patients  dying  of  phthisis. 

Pettenkofer  and  Voit  found  that  th3  excretion  of  urea  in  a  dog  reduced 
from  33.3  kilograms  to  29  kilograms  by  10  days'  fast,  became  8.6  grams. 
And,  since — 

29  kilograms  =   63.8  pounds. 
S.6  grams       =  132.7  grains. 
Excretion  of  urea  =  2.08  grains  per  pound  of  body  weight. 

Kanke  obtained  a  precisely  similar  result  from  observations  made  upon 
himself,  after  long  fasting,  continued  for  several  days. 

If  these  views  be  well  founded,  it  is  plain  that  part  only  of  the  urea 
excreted  can  be  regarded  as  due  to  muscular  exertion,  for  2  grains  per 
pound  (or  300  grains  for  a  man  weighin^r^  150  pounds)  must  be  set  aside 
as  a  constant  due  to  vital  work,  independc  nt  of  muscular  work  altogether. 
Hence  it  would  follow,  supposing  the  muscular  exertion  to  be  measured . 
by  the  increased  excretion  of  urea  produced  by  it,  that  the  urea  will  not 
increase  as  fast  as  the  muscular  exertion,  but  it  ought  to  increase  regu- 
larly, although  at  a  slower  rate.  With  a  view  to  settle  this  important 
question,  I  devised  the  following  observations  upon  myself  in  the  month 
of  July,  1866,  which  prove  conclusively  that  an  increase  of  muscular 
exertion,  amounting  to  fourfold,  is  not  accompanied  by  any  correspond- 
ing increase  in  the  excretion  of  nitrogen  in  the  form  of  urea. 

I  had  previously  ascertained  by  repeated  exj^eriments,  extending  from 
1860  to  1865,  that  my  excretion  of  urea  (under  ordinary  conditions  as  to 
exercise,  which  never  amounted  to  five  miles  per  day)  ranged  from — 

465.  09  grains  per  day,  to 
537.  47  grains  per  day. 

501. 28  mean. 


This  quantity  of  urea  I  regarded  as  my  natural  physiological  average, 
and  it  was  so  well  established  that  I  thought  I  should  obtain  an  impor- 
tant result  by  comparin  g  it  with  the  average  found  from  several  days  of  unu- 
sual muscular  exertion.  I  accordingly  walked  for  live  consecutive  days 
in  the  hilly  districts  of  Wicklow,  noting  carefully  the  horizontal  distance 
traveled  each  day,  and  the  vertical  height  traversed  up  and  down.  The 
vertical  heights  were  reduced  to  horizontal  distances,  on  the  assumptions 
(which  are  well  founded)  that  20  is  the  proper  coefficient  for  converting 
one  into  the  other,  and  that  the  work  of  descent  is  half  the  work  of 
ascent. 
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During  the  five  days  of  observation  the  work  done,  expressed  in  hor- 
izontal miles  of  walking,  was  as  follows : 

Mrat  day, 

MUes. 

Miles  walked 11. 4 

Height  ascended 1,800  feet  =  10. 2 

21.6 

Second  day. 

Miles  walked 12.0 

Height  ascended 2,400  feet  =  13. 7 

25.7 

Third  day. 

Miles  walked 11.6 

Height  ascended 1,400  feet  =    8. 0 

19.6 

Fourth  day. 

Miles  walked 9. 3 

Height  ascended 1,400  feet  =    8. 0 

17.3 

Fifth  day. 

Miles  walked 10. 4 

Height  ascended 1,600  feet  =    9. 1 

19.5 


From  the  preceding  statement  it  follows  that  the  average  work  di 
each  day  was  20.74  miles  of  horizontal  walking,  the  result  of  which  uj 
the  urea  excreted  was  to  be  compared  with  the  result  already  meutioi 
as  a  physiological  constant,  determined  under  circumstances  in  wh 
the  daily  muscular  work  never  exceeded  five  miles  of  horizontal  walki 

In  order  to  determine  tbe  urea,  I  collected  each  day  all  the  urine  pass 
and  kei)t  one-fifth  pait  of  it ;  and  at  the  close  of  the  fifth  day  examii 
the  mixture  formed  from  the  five  days'  urine.  It  was  found  to  cout 
501.1G  grains  of  urea  per  day — a  result  practically  identical  with 
physiological  quantity  previously  found  by  me  under  totally  difier 
conditions,  viz,  501.28  grains.  I  was  much  surprised  at  this  result, 
I  bad  previously  believed  in  the  theory  laid  down  by  Liebig,  which 
tributed  the  excretion  of  urea  to  the  disintegration  of  muscular  tissc 

It  might  be  objected  to  the  preceding  reasoning  that  the  combust 
of  proteinic  compounds  represented  by  501.28  grains  of  urea  excretet 
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lally  sufBcient  to  produce  the  meclianical  force  necessary  to  maintain 
muscular  exertion  of  walking  20  or  21  miles  per  day. 
.  The  urea  excreted  bears  to  the  proteine' consumed  the  proportion 
4  to  79,  as  appears  from  their  chemical  compositions,  viz : 

Urea Ca  H4  N2  O2 60 

Proteine C36  H27N4  O12 395 

In  lOQ  parts  of  proteine  there  are  53.7  parts  of  carbon,  and  7  parts 
ydrogen  j  the  total  heat  due  to  the  combustion  of  1  gram  of  pro- 
e  is,  therefore, 

Ileat-uuite. 

0. 537  gram  of  carbon.* 4. 3389 

0.070  gram  of  hydrogen.... 2.4123 


6.  7512 


his  number,  6.7512,  represents  the  maximum  quantity  of  heat-units* 
:  could  be  produced  by  the  combustion  of  1  gram  of  proteine;  but 
term  depending  on  hydrogen  in  it  should  be  reduced  to  five-ninths 
ts  amount,  in  consequence  of  the  hydrogen  already  combined  with 
gen  in  the  proteine.    Hence  we  find — 

Combustion  of  one  gram  of  proteine. 

Heat-anits. 

Carbon 4. 3389 

Hydrogen. 1. 3402 


5. 6791 


.  In  100  parts  of  urea  there  are  20  parts  of  carbon,  and  6§  parts  of 
Irogen ;  the  total  heat,  therefore,  due  to  the  coxnbustion  of  1  gram 
Tea  is : 

Heat-nnits. 

0. 20  gram  of  carbon 1. 6160 

0. 067  gram  of  hydrogen 2. 3089 


3. 9249 


he' term  depending  on  hydrogen,  in  this  result,  should  be  reduced 

ne-half,in  consequence  of  the  hydrogen  already  combined  with  oxygen 

he  urea. 

[ence  we  find — 

Comlmstion  of  one  gram  of  urea. 

Heat-units. 

Carbon 1. 61G0 

Hydrogen 1. 1544 


2.  7704 


*  Heat-unit  =  1  kilogram  of  water  raised  1°  C. 
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4.  From  the  three  preceding  statements  it  is  easy  to  see  that,  for 
every  gram  of  proteine  cpnsumed,  0.8416  heat  units  are  contained  in 
the  urea  excreted ;  so  that — 

The  digestioii  of  1  gram  of  proteine  gives  out  4.8375  heat-uniUt. 

It  is  easy  to  see  that  501.28  grains  of  urea  excreted  correspond  to 
1,050  grains  of  proteine  in  the  food,  or  to  106.92  grams;  and  the  total 
Tvork  due  to  the  digestion  of  this  quantity  of  food  may  be  found  by  mul- 
tiplying it  by  the  ^^digestion  coefficient "  already  found,  and  by  423,  which 
is  Joule's  coefficient  for  converting  heat-units  into  kilogram-meters. 
Hence  we  have — 

Work  due  to  production  of  501.28  grains  of  urea 
=  106.92  X  4.8375  x  423  =  218786  kilogram -meters  =  704  foot-tons. 

This  amount  of  theoretical  work  produced  by  nitrogenous  food  i8 
double  the  work  actually  done  during  the  walking  excursion. 

The  average  work  was  20.74  miles  horizontal  per  day,  which  may  be 
considered  as  the  exact  equivalent  of  lifting  my  weight  (knapsack  and 
clothes  included  =  150  pounds) .  through  one  mile  of  vertical  height 
Hence  the  work  actually  done  by  me  was — 

l^«y^  =  354foot-tou8. 
2240 

This  amount  of  muscular  work  accounted  for  almost  exactly  half  the 
whole  theoretical  work  supplied  by  the  food  that  goes  to  form  urea,  viz, 
704  foot-tons.  But  it  has  been  already  shown  that  2  gi*ains  of  urea  per 
I)ound  of  body  weight  is  required  to  mfiintain  the  vital  work,  including 
circulation  and  respiration ;  this  would  give  (since  I  weighed  128  i)ounds) 
256  grains  of  urea  required  for  vital  work,  or  almost  exactly  half  of  the 
501.16  grains  excreted,  so  that  one-half  of  the  available  work  might  be 
considered  as  expended  on  vital  work,  and. the  other  half  as  expended 
on  external  muscular  work.  This  supposition,  however,  requires  ns 
to  believe  that  the  muscles  act  without  loss  bv  friction.  This  is  not 
admissible,  for  I  have  elsewhere  endeavored  to  show  that  there  is  a  loss 
in  the  force  applied  by  the  muscles  of  various  animals,  in  consequence 
of  the  friction  of  their  tendons,  amounting  on  the  average,  in  man,  to  35 
per  cent.^  and  in  the  mastiff",  to  41  per  cent. 

Hence  it  may  be  regarded  as  certain  that  the  available  force  repre- 
sented by  501  gi*aius  of  urea  is  not  sufficient  to  account  fully  both  for 
vital  work  and  for  the  external  mechanical  work  expended  by  me  during 
the  experiments  just  described. 

The  foregoing  observations  and  calculations  were  made  in  the  month 
of  July,  1866,  but  I  did  not  then  publish  them,  as  I  found  aflterjwrard 
that  I  had  been  anticipated  by  Dr.  Fick  and  Dr.  Wislicenus,  of  Zurich, 
in  a  paper  published  in  June  in  the  Philosophical  Magazine,  on  the  urea 
excreted  during  an  ascent  of  the  Faulhorn.  Professor  Frankland,  in  a 
paper  published  in  the  same  journal  in  September,  1866,  corrected  some 
erroneous  reasoning  that  found  its  way  into  Fick  and  Wislicenos's 
paper,  and  further  supplied,  from  direct  experiment,  the  digestion  coeffi- 
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(dent  of  proteiiie,  which  had  been  obtained  by  me  from  calculation.    The 
actual  value  of  this  important  constant  was  found  by  him  to  be — 

Actual  value  of  digestion  coefficient  of  proteine  - .  4. 3155 
Calculated  value 4. 8375 

My  only  object  in  now  publishing  an  account  of  the  independent  ex- 
periment and  calculation  made  by  myself,  is  to  confirm  the  certainty  of 
the  important  fact  first  proved  experimentally  by  Fick  and  Wislicenus, 
that  the  force  due  to  the  urea  excreted  in  a  given  time  is  not  sufficient 
to  provide  the  actual  work  that  may  be  done  by  the  muscles  in  the  same 
time. 

Liebig  and  his  followers,  misled  by  a  preconception  of  the  simplicity 
of  nature,  assigned  to  nitrogenous  food  the  duty  of  x)roviding  the  force 
necessary  for  the  production  of  muscular  work,  by  supplying  the  waste 
of  muscular  tissue;  while  they  supposed  the  farinaceous  and  fatty  foods 
to  provide  the  amount  of  animal  heat  required  by  the  body. 

The  opponents  of  Liebig  have  fallen  into  the  opposite  error,  and  deny 
that  nitrogenous  food  contributes  any 'portion  of  the  force  employed  in 
muscular  work. 

The  truth,  as  is  usual,  lies  between  the  two  extreme  hypotheses,  and 
we  are  now  compelled  to  admit  that  a  given  development  of  force,  ex- 
pressed in  animal  heat,  muscular  work,  and  mental  exertion,  may  be 
the  effect  of  several,  perhaps  many,  supposable  supplies  of  digested 
food,  farinaceous,  saccharine,  fatty,  and  albuminous. 

Just  as  a  given  algebraical  function  may  be  equated  to  a  given  con- 
stant, by  the  use  of  a  certain  definite  number  of  values  of  its  variable 
quantity,  so  may  a  given  efl'ect  of  work  in  the  animal  body  be  produced 
by  certain  definite  though  very  different  combinations  of  various  kinds 
of  food,  the  digestion  of  which  follows  each  its  own  law,  and  develops 
its  own  amount  of  force.  The  number  of  roots  in  our  equation  of  life 
increases  the  difficulty  of  solving  it,  but  by  no  means  i)ermita  the  accept- 
ance of  the  lazy  assumption  that  it  is  altogether  insoluble,  or  reduces  a 
sagacious  guess  to  the  level  of  the  prophecy  of  a  quack. 
'  Lavoisier  supposed  in  his  earlier  investigations  that  animal  heat  was 
developed  by  the  combustion  of  carbon  and  hydrogen  in  the  lungs;  just 
as  in  earlier  times  it  was  supposed  to  be  produced  spontaneously  in  the 
heart,  which  was  imagined  to  be  so  hot  as  even  to  burn  the  hand  that 
should  imprudently  venture  to  touch  it. 

In  like  manner,  Liebig  and  his  followers  supposed  the  muscular  work 
to  be  developed  in  the  substance  itself  of  the  muscles  that  were  its  in- 
struments. 

Both  of  these  doctrines  are  now  justly  repudiated  by  physiologists, 
and  the  view  proposed  in  1845,  by  Dr.  Mayer,  of  Heilbronn,  and  recently 
developed  with  much  ability  by  Mr.  C.  W.  Heaton,  of  Charing  Cross 
Hospital, .in  the  Philosophical  Magazine  for  May,  1867,  that  the  blood 
itself  is  the  seat  of  fill  the  chemical  changes  that  develop  force  in  the 
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body,  has  gained  favor  among  physiological  chemists,  and  also  met  with 
acceptance  among  practical  clinical  observers. 

Thus  the  human  mind  revolves  in  cycles,  and  the  physicians  of  the 
nineteenth  century  are  preparing  to  sit  at  the  feet  of  Moses,  and  leani 
that  the  blood  of  an  animal  really  constitutes  its  life;  while  South  Afri 
can  theologians  are  disposed  to  reject  his  authority,  because  he  happened 
to  cotifound  a  rodent  with  a  ruminant.* 

Whatever  be  the  kind  of  food  employed,  its  effect  in  the  production 
of  force  must  be  ultimately  measured  by  the  quantities  of  carbonic  add 
and  water  produced  by  its  combustion,  and  there  is  no  more  convenient 
measure  of  the  production  both  of  carbonic  acid  and  water  than  urea, 
so  far  as  it  goes.  I  shall  prove  shortly  that  every  four  grains  of  urea 
excreted  represent  five  tons  lifted  through  one  foot;  and  I  have  shown 
by  the  preceding  investigation  that  the  work  represented  by  urea  is  not 
suflBcient  to  account  for  vital  and  external  work,  much  less  for. animal 
heat.  The  investigations  of  Dr.  Edward  Smith,  on  the  excretion  of 
carbonic  acid,  enable  us  to  show  that  the  carbonic  acid  alone  is  sufficient 
to  account  for  both  vital  and  external  work,  and  also  for  the  production 
of  animal  heat.    This  may  be  proved  as  follows: 

Dr.  Smith  has  given  results,  from  which  may  be  deduced  the  qaanti- 
ties  of  carbonic  acid  excreted  per  minute  during  the  four  following 
conditions: 

1.  Lying  in  the  horizontal  position,  and  nearly  asleep. 

2.  Fasting,  and  in  sitting  posture. 

3.  Walking  at  two  miles  per  hour. 

4.  Walking  ^t  three  miles  per  hour. 

5.  Working  on  the  tread-mill,  ascending  at  the  rate  of  28.65  feet  per 
minute. 

Carbonic  acid  per  min. 

1.  Sleep  and  rest 6. 522  grains. 

2.  Sitting 7.  440  grains. 

3.  Walking  at  two  miles  per  hour. 18. 100  grains. 

4.  Walking  at  three  miles  per  hour 25. 830  grains. 

5.  Tread-mill 44. 973  grains. 

The  foregoing  quantities  of  carbonic  acid  per  minute  may  be  converted 
into  vertical  miles  per  hour  for  the  body  weight,  by  multipljing  them 
by  the  following  coefficient:! 

60  X  6  X  8080  X  9  X  772_  ^  ^  025263 
22  X  196  X  5280  x  5  x  7000 

log  =  2.40420 


■▼" 


*  No  reasonable  pei-son  can  fail  to  perceive  the  ignorance  of  tlie  great  lawgiver  who 
will  apply  to  bini  the  test  first  proposed  by  Swift  for  Homer;  Moses,  like  the  aathor 
of  the  IliiMl,  was  profoundly  unacquainted  with  the  discipline  and  doctrines  of  the 
Church  of  England. 

t  Dr.  Edward  Smithes  weight  was  196  pounds. 
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Performing  this  calculation  we  find — 

Carbonic  Acid.  ^fj  weight  lifted 

through  miles. 

1 5.522  grains.  0.1400  mile. 

2 7.440  grains.  0.1887  mile. 

3 18.100  grains.  0.4591  mile. 

4 : 25.830  grains.  0.6551  mile. 

5 '44.973  grains.  1.1406  mile. 

It  is  easy  to  (jalculate  that  the  external  work  done  in  the  cases  3,  4, 
5,  was  as  follows  : 

External  work. 

No.  3.  Walking  two  miles  per  hour 0.1000  mile. 

No.  4.  Walking  three  miles  per  hour 0.1500  mile. 

No.  5.  Tread-mill 0.3256  mile. 

Subtracting  these  amounts  of  work  from  the  applied  work,  due  to  the 
production  of  carbonic  acid,  we  find,  as  the  quantities  left  for  vital 
work,  including  circulation  and  respiration,  and  for  the  production  of 
animal  heat,  per  hour : 

Vital  work  and 
animal  heat. 

No.  3     0.3591  mile. 

No.  4 0.5051  mile. 

No.  5 . . .  .^ 0.8150  mile. 

As  I  have  already  shown  the  work  due  to  animal  heat  per  day  to  be 
6  miles,  it  follows  that  the  work  of  animal  heat  per  hour  is  0.2500  mile. 

Deducting  this  amount  from  the  foregoing,  we  find  for  the  vital  work 
done,  under  the  three  different  conditions — 

Vital  work. 

No.  3.  Walking  at  two  miles  per  l\our 0.1091  mile. 

No.  4.  Walking  at  three  miles  per  hour 0.2551  mile. 

No.  5.  Tread-mill  work 0.5650  mile. 

This  result  proves,  in  a  striking  manner,  the  great  disadvantage  under 
which  an  increased  amount  of  muscular  work  is  done  in  a  given  time  5 
and  it  is  quite  in  accordance  with  other  results  obtained  by  me.  from 
totally  different  experiments. 

No  two  classes  of  animals  can  well  differ  more  from  each  other  than  the 
cats  and  ruminants,  one  of  which  is  intended  by  ujiture  to  eat  the  other. 
They  diff'er  in  all  respects  as  to  food,  the  cats  requiring  a  supply  of  fresh 
meat  and  blood  for  their  health,  and  the  ruminants  being  exclusix  ely 
vegetable-feeders;  yet  in  both  classes  we  find  a  great  development  of 
muscular  powei,  and  of  rapid  action  of  muscles,  qualities  alike  necessary 
to  the  pursuer  and  to  the  pursued.  There  can  be  no  doubt  that  muscular 
work  is  developed  in  the  cats  from  the  combustion  of  flesh,  and  in  the 
ruminants,  mainly,  if  not  exclusively,  from  farinaceous  food.  It  is,  how- 
ever, worthy  of  remark,  that  the  muscular  qualities  developed  by  the 
two  kinds  of  food  differ  considerably  from  each  other.    The  hunted  deer 
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will  outrun  the  leopard  in  a  fair  and  open  chase,  because  the  work  sop- 
plied  to  its  muscles  by  the  vegetable  food  is  capable  of  being  given  out 
continuously  for  a  long  period  of  time;  but  in  a  sudden  rush  at  a  near 
distance,  the  leopard  will  infallibly  overtake  the  de>er,  because  its  flesh- 
food  stores  up  in  the  blood  a  reserve  of  force  capable  of  being  given  out 
instantaneously  in  the  form  of  exceedingly  rapid  muscular  action. 

In  conformity  with  this  principle,  we  find  among  ourselves  an  instinc- 
tive preference  given  to  farinaceous  and  fatty  foods,  or  to  nitrogenous 
foods,  according  as  our  occupations  require  a  steady,  long-continued,  slow 
labor,  or  the  exercise  of  sudden  bursts  of  muscular  labor  continued  for 
short  periods.  Thus  chamois-hunters  setting  out  for  several  da3''s  chase 
provide  themselves  with  bacon  fat  and  sugar;  the  Lancashire  laborers 
use  flour  and  fat,  in  the  form  of  apple-dumplings;  while  the  red  Indian 
of  North  America  almost  transforms  himself  into  a  carnivore  by  the 
exclusive  use  of  flesh-food ;  he  sleeps  as  long  and  can  fast  as  long  as  the 
puma  and  jaguar,  and  possesses  stored  up  in  his  blood  a  reserve  of  force 
which  enables  him,  like  a  cat,  to  hold  his  muscles  for  hours  in  a  rigid 
posture,  or  to  spring  upon  his  prey,  like  a  leopard  leaping  from  a  tree 
upon  the  back  of  an  antelope. 

If  the  preceding  view  of  the  muscular  qualities  developed  by  the  two 
kinds  of  food  be  correct,  important  inferences  suggest  themselves  as  to 
the  food  that  should  be  employed  in  relation  to  several  kinds  of  work. 
Of  these  inferences  I  shall  select  two  examples : 

1.  The  nurses  of  one  of  our  Dublin  hospitals  were  formerly  fed  chiefly 
upon  flesh-food  and  beer,  a  diet  that  seemed  well  suited  to  their  work  in 
ordinary  times,  which  was  occasionally  severe,  but  relieved  by  frequent 
intervals  of  complete  rest.  Upon  the  occasion  of  an  epidemic  of  cholera, 
when  the  hospital  duties  of  the  nurses  became  more  constant,  although 
on  the  whole  not  more  laborious,  they  voluntarily  asked  for  bacon  fat 
and  milk,  as  a  change  of  diet  from  the  flesh-meat  and  beer;  this  change 
was  effected  on  two  days  in  each  week  with  the  best  results  as  to  the 
health  of  the  nurses,  and  as  to  their  i)ower  of  discharging  the  new  kind 
of  labor  imposed  upon  them. 

2.  I  have  been  informed,  on  competent  authority,  that  the  health  of 
the  Cornish  miners  break  down  ultimately  from  failure  of  the  action  of 
the  heart  and  its  consequences,  and  not  from  the  affection  of  the  lungs 
called  *'  miners'  phthisis.''    The  labor  of  the  miner  is  peculiar,  and  his 
food  appears  to  me  badly  suited  to  meet  its  requirements.     At  the  close 
of  a  hard  day's  toil,  the  weary  miner  has  to  climb  by  vertical  ladders 
through  a  height  of  100  to  200  fathoms  before  he  can  reach  his  cottage, 
where  he  naturally  looks  for  his  food  and  sleep.    This  climbing  of  the 
ladders  is  performed  hastily,  almost  as  a  gymnastic  feat,  and  throws  a 
heavy  strain  (amounting  from  one-eighth  to  one-quarter  of  the  whole  day  s 
work)  upon  the  muscles  of  the  tired  miner,  during  the  half  hour  or  hour 
that  concludes  his  daily  toil.    A  flesh-fed  man  (as  a  Red  Indian)  would 
run  up  the  ladders  like  a  cat,  using;  the  stores  of  force  already  in  reserve 
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in  his  blood;  but  the  Cornish  miner,  who  is  fed  chiefly  upon  dough  and 
fat,  finds  himself  greatly  distressed  by  the  climbing  of  the  ladders — more 
so  indeed  than  by  the  slower  labor  of  quan'ying  in  the  mine.  His  heart, 
overstimulated  by  the  rapid  exertion  of  muscular  work,  beats  more  and 
more  quickly  in  its  eflTorts  to  oxidate  the  blood  in  the  lungs,  and  so  sup- 
ply the  force  required.  Local  congestion  of  the  lung  itself  frequently  fol- 
lows, and  lays  the  foundation  for  the  affection  so  graphically, though  sadly, 
described  by  the  miner  at  forty  years  of  age,  who  tells  you  that  '*  his  other 
works  are  very  good,  but  that  he  is  beginning  to  leak  in  the  valves." 

Were  I  a  Cornish  miner,  and  able  to  afford  the  luxury,  I-  should  train 
myself  for  the  "ladder  feaf  by  dining  on  half  a  pound  of  rare  beefsteak 
and  a  glass  of  ale  from  omi  to  two  hours  before  commencing  the  ascent. 

The  excretion  of  nitrogen  by  the  cats  and  ruminants  is  very  different, 
as  might  be  expected  from  their  food.  I  have  ascertained  that  the  urea 
discharged  by  a  Bengal  tiger  and  a  sheep  daily  is  as  follows : 

Bengal  tiger 4,375  grains  of  urea. 

Sheep 250  grains  of  urea. 

It  is  worthy  of  remark,  and  serves  to  throw  light  on  the  meaning  of 
the  excretion  of  nitrogen  from  the  body,  that  causes  but  slightly  con- 
nected with  muscular  exertion  in  ruminants  increase  amazingly  the 
excretion  of  urea.  Thus  I  have  found  the  following  excretion  of  urea  from 
a  ram  during  the  rutting  season: 

Ram,  (rutting  season) 1,493  grains  of  urea. 

This  amounts  to  a  sixfold  increase  of  urea,  which  cannot  possibly  be 
accounted  for  by  the  food  consumed  at  the  time,  but  requires  us  to  assume 
a  certain  storing  up  of  force,  represented  by  nitrogenous  compounds, 
which  has  been  going  on  for  a  considerable  period  previous  to  the  rutting 
season.  A  similar  and  equally  remarkable  storing-up  of  phosphates  and 
carbonates  takes  place,  previous  to  the  rutting  season,  in  the  rumi- 
nants that  shed  their  horns,  which,  in  the  Cervua  megaceros^  often  weigh 
90  i>ounds. 

These  remarkable  phenomena  remind  us  of  the  maxim  of  the  wise 
Hippocrates,  who  recommends  moderation  in  the  use  of  the  gifts  of  the 
Golden  Venus  as  well  as  in  those  of  Ceres  and  Bacchus:  '* Udvm,  airia, 
■nard,  trrrvof,  a<pf)o6iota  fierpia,"  with  which  may  be  Compared  its  converse  in  the 
Latin  proverb:  '^  Sine  Cerere  et  Bacclw,  friget  Venus ;^^  or,  as  the  old 
proverb  says,  "  When  the  wolf  comes  in  at  the  door,  love  flies  out  at  the 
window.^ 

APPLICATION  OF  THEORY  TO  DISEASED  CONDITIONS  OF  BODY. 

The  relation  of  food  to  work,  complicated  enough  in  health,  becomes 
more  so  in  disease,  and  the  problem  to  be  solved  by  rational  theory 
becomes  still  more  difficult.  I  cannot  attempt  even  to  sketch  an  outline 
of  this  part  of  my  subject  considered  in  general,  but  shall  content  myself 
with  asking  your  attention  to  three  remarkable  examples  of  disease  which 
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illustrate  tbe  principles  I  have  attempted  to  lay  down.     These  diseases 
are — 

A.  Typhus  fever. 

B.  Cholera  a^iatica. 
0.  Diabetes  mellitus. 

A.  Typhus  fever. — In  typhus  fever  a  prominent  symptom  is  the  remark- 
able elevation  of  temperature,  accompanied  by  an  increased  excretion  of 
urea  and  carbonic  acid  by  the  kidneys  and  lungs,  indicating  (as  no  food 
is  taken)  an  increased  morbid  metamorphosis  of  the  blood  and  tissues. 
The  temperature  commonly  rises  to  104°  F.,  representing  an  increase  of 
upward  of  5°  F.  above  the  normal  temperature. 

If  we  knew  the  cause  of  this  increase  of  temperature,  or,  rather,  of  tbe 
increased  metamorphosis  of  which  it  is  the  sign,  we  should  know  the 
cause  of  typhus  fever,  and  learn  to  combat  the  disease  on  rational  grounds. 
At  present  the  cause  is  unknown,  and,  therefore,  the  physician  is  forced 
to  treat  the  symptoms  as  they  appear,  instead  of  attacking  the  cause  of 
the  disease.  Let  us  examine  for  a  moment  the  tcirrible  significance  of 
the  symptoms. 

Your  patient  lies  for  nine  or  ten  days  supine,  fasting,  subdelirious, 
the  picture  of  weakness  and  helplessness,  and  yet  this  unhappy  sufferer 
actually  performs,  day  by  day,  an  amount  of  work  that  might  well  be 
envied  by  the  strongest  laborer  in  our  land. 

The  natural  temperature  of  the  interior  of  the  body  is  ICMP  F.,  while 
the  temperature  of  the  corresponding  parts  in  typhus  fever  is  at  least 
105^  F.  This  seems  at  first  sight  a  small  increase — only  5  x>^r  cent  of 
the  whole — ^but  it  is  in  reality  2J  times  as  great  as  it  appears,  and 
actually  amounts  to  12J  per  cent.,  or  one-eighth  part  of  the  total  animal 
heat ;  for  the  total  quantity  of  heat  given  out  by  the  heated  body  is  pro- 
portional (from  Newton's  law  of  cooling)  to  the  elevation  of  its  tempera- 
ture above  the  temperature  of  equilibrium,  toward  which  it  tends.  If 
we  suppose  this  equilibrium  temperature  to  be  60^  F.,  th6n  the  qnanti 
ties  of  animal  heat  given  out  in  typhus  fever  and  in  health  will  be  in 
proportion  of  45  to  40,  showing  that  the  animal  heat  of  typhus  exceeds 
that  of  health  by  one-eighth  of  its  amount. 

We  have  already  seen  that  the  work  due  to  animal  heat  would  lift  the 
body  through  a  vertical  height  of  six  miles  per  day;  and  it  thus  appears 
that  an  additional  amount  of  work,  equivalent  to  the  body  lifted  through 
nearly  one  mUe  per  day,  is  spent  in  maintaining  its  temperature  at  fever 
heat. 

If  you  could  place  your  fever  patient  at  the  bottom  of  a  mine  twice 
the  depth  of  the  deepest  mine  in  the  duchy  of  Cornwall,  and  compel  the 
wretched  sufferer  to  climb  its  ladders  into  open  air,  you  would  subject 
him  to  less  torture,  from  muscular  exertion,  than  that  which  he  under- 
goes at  the  hand  of  nature,  as  he  lies  before  you,  helpless,  tossing,  and 
delirious,  on  his  fever  couch. 

The  treatment  of  this  fotmidabl^  dioeafi^  in.  former  times  consisted  of 
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X)arging,  vomiting,  and  bleeding  the  patient,  with  the  view  of  eliminating 
an  imajj^iuary  poison,  and  so  helping  nature  to  terminate  the  disease.* 

In  modern  times,  thank  God,  the  i>hysician  either  does  not  interfere 
at  all,  or  adopts  the  rational  process  of  retarding  the  disintegration  of 
the  tissues  consumed  to  supply  the  fever  heat,  by  furnishing  In  their 
stead  fuel,  in  the  form  of  wine  and  beef-tea,  sufficient  to  maintain  the 
increase  of  temperature  imperiously  required.f    This  practice  may  be 
justly  considered  rational,  because  the  condition  of  the  circulation  admits 
of  its  application ;  and  it  is  considered  good,  because  it  has  been  rewarded 
with  success  in  the  hands  of  the  skillful  clinical  physician.    In  concluding 
this  sketch  of  the  prominent  symptom  of  typhus  fever,  and  as  an  illus- 
tration of  the  eagerness  with  which  evei-y  possible  combustible  in  the 
body  is  made  use  of,  I  may  mention,  on  the  high  authority  of  Dr.  Stokes, 
of  Dublin,  that  the  very  urea  excreted  by  the  kidneys  is  not  permitted 
to  leave  the  body  without  first  paying  its  tax  to  fever,  by  being  burned 
into  carbonate  of  ammonia,  thus  rendering  the  urine  of  an  advanced  case 
of  bad  typhus  fever  eminently  alkaline. 

B.  Asiatw  cholera, — This  remarkable  disease  presents,  as  every  one 
knows,  three  distinct  stages,. viz  : 

1.  The  premonitory  stage  of  diarrhoea. 

2.  The  stage  of  collapse. 

3.  The  stage  of  consecutive  fever. 

The  stage  of  collapse  exhibits  the  following  symptoms :  Vomiting  or 
purging;  muscular  cramps;  suppression  of  bile  and  urine;  lowering  of 

•  Not'ffcjv  (^vaieg  iijTpoi. — EPID.  vi,  S«ct.  v,  1. 

t  It  is  not  intended  by  this  to  assert  that  a  high  temperature^  104°  to  108°  F.,  mnst  be 
maintained  in  order  that  the  disease  may  terminate  favorably,  for  the  very  contrary 
is  the  fact.  The  blood,  in  typhus,  as  in  other  pyrexies,  is  a  fluid  possessed  of  greater 
oxicUziug  power  than  it  has  in  health ;  in  consequence  of  this,  an  increased  metamor- 
phosis of  tissues  takes  place,  accompanied,  of  course,  by  an  elevation  of  temperature, 
which  measures  precisely  the  oxidizing  power  of  the  blood,  and  the  risk  to  life  in  typhus 
is  directly  proportional  to  the  rise  in  temperature.  The  indications  of  the  sphygmograph 
are  similar  to  those  of  the  thermometer,  a  "full  dicrotic^^  pulse  corresponding  to  a  tem- 
perature of  103°  F.,  and  tho  pulse  of  *^  death  aganyy"  with  the  heart's  first  sound  gone, 
corresponding  to  a  temperature  of  109°  F.  There  is  no  case  on  record  of  recovery  from 
a  condition  marked  by  such  a  pulse  and  temperature. 

The  eflfects  of  alcohol, 'administered  in  fever,  when  the  temperature  does  not  exceed 
105°  F.,  are  twofold — immediate  and  secondary.  The  immediate  effect  is  to  supply  a 
hydrocarbon  to  the  blood,  which  is  decomposed  by  it  in  preference  to  the  body  tissues. 
The  secondary  effect  of  alcohol  is  to  change  the  blood  itself,  which  thus  loses  its  oxidiz- 
ing qualities;  in  consequence  of  which  the  temperature  falls,  the  hypcrdicrotic  character 
of  the  pulse  disappears,  and  the  destructive  metamoi'phosis  of  the  tissues  becomes  les- 
sened. The  statement  here  given  of  the  effects  of  alcohol  given  in  typhus,  to  the  exact 
amount  required  by  the  condition  of  the  blood,  in  narcotic  doses,  is  borne  out  by  clinical 
observation,  and  is  independent  of  any  theory  as  to  the  cause  of  typhus. 

It  is  not  at  all  improbable  that  the  theory  of  contagions  disease,  that  each  such 
disease  owes  its  existence  to  a  special  living  organism  and  not  to  an  organic  poison, 
may  ultimately  prove  to  be  correct. 
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body  temperature  to  95^  F.;  extreme  prostration  of  ^strength;  extremi- 
ties  pulseless ;  and  face  hippocratic. 

.When  death  occurs  during  collapse,  the  following  symptoms  are  usually 
found  on  careful  examination  of  the  corpse :  The  temperature  rises  to 
103^  F. ;  the  muscles  give  out  their  characteristic  susumis  CCC,  and 
exhibit  spontaneous  movements;  the  whole  train  of  symptoms  producing 
the  effect  of  a  ghastly  attempt  at  resurrection.* • 

In  this  disease  we  have  phenomena  respecting  animal  heat  the  very 
reverse  of  those  found  in  typhus  fever;  the  body  performing  one  vertical 
mile  short  of  its  daily  work,  instead  of  one  mile  in  excess.  The  prostra 
tion  of  strength  resulting  from  this  deficient  combustion  is  so  great  that 
death  is  often  caused  by  bringing  the  patient  to  hospital  in  a  cab  instead 
of  upon  a  streteher,  by  his  walking  up  a  dozen  steps  into  his  ward,  and 
sometimes  even  fatal  results  have  followed  a  sudden  effort  to  sit  up  in 
bed  to  vomit. 

The  rise  of  temperature  after  death,  and  the  continuance  of  muscular 
susurrus  and  motion,  tend  to  prove  that  the  impeded  circulation,  which 
is  the  prominent  symptom  in  cholera  collapse,  is  due  to  constriction 
(probably  vasomotor-nervous)  of  the  capillaries,  in  conseqaence  of  which 
the  muscles  are  deprived  of  their  supply  of  freshly  oxidized  blood,  the 
result  of  which  is  necessarily  contraction  and  cramp,  which  produces  the 
excessive  agony  that  characterizes  this  disease. 

All  authorities  on  cholera,  whether  their  object  be  to  "impede"  or  to 
*' assist"  nature,  are  agreed  that  medicines,  whether  astringent  or  pur- 
gative, are  not  only  useless,  but  dangerous,  in  the  stage  of  collapse. 

It  is  useless  to  give  alcoholic  fuel  to  restore  the  loss  of  animal  heat,  for 
there  is  no  circulation  to  cause  the  oxidation  of  the  hydrocarbons. 

It  is  equally  useless  and  more  dangerous  to  give  opium,  to  check  the 
remaining  purging  that  exists;  for  if  vomiting  have  ceased,  3'our  acetate 
of  lead  and  opium  pills  lie  as  if  in  the  stomach  of  a  corpse,  and  at  the 
termination  of  collapse,  your  patient  enters  upon  the  consecative  fever, 
with  perhaps  a  dozen  grains  of  opium  in  his  stomach,  placed  there  like 
an  explosive  shell  by  your  ill-timed  zeal,  and  rapidly  passes  into  a  coma- 
tose condition,  from  which  he  never  for  a  momeht  rallies.  His  death  is 
always  accredited  by  the  registrar  to  cholera  morbus  and  not  to  opium. 

Purgatives  and  emeticst  in  cholera  collapse  effect  the  same  object  as 
opium,  but  with  greater  rapidity.  In  the  stage  of  blue  collapse,  the 
chances  of  life  and  death  are  almost  exactly  equal,  and  the  slightest 
additional  loss  of  force  turns  the  wavering  beam  on  the  side  of  death. 
The  effects  of  a  brisk  purgative  or  emetic  (if  they  act)  upon  a  patient, 
unable  to  climb  a  dozen  steps,  or  sit  up  for  a  quarter  of  an  hour,  without 

*  It  is  Btartliog,  on  making  a  i>08t-mort'ein  examination  of  a  cholera^atient  alone  and 
by  candle-light,  to  witness,  on  the  first  free  incision  of  the  scalpel,  the  hand  of  the  corpse 
rise  slowly  from  its  side  and  placed  quietly  across  its  breast 

t  When  mnstard  is  used,  its  conserrative  effects  as  a  stimulant  sometimes  couBteract 
it6  dostmctive  effects  as  an  emetic. 
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fatal  syncope,  may  he  easily  imagined ;  and  tbe  use  of  them  cannot  be 
justified  by  any  arguments  borrowed  from  right  reason. 

A  remarkable  though  transient  improvement  takes  place  in  cholera 
collapse  by  the  injection  of  warm  water  (brought  to  the  specific  gravity 
of  serum  by  the  addition  of  mineral  salts)  into  the  veins  or  bowels;  the 
patient  loses  the  cramps,  feels  that  he  is  about  to  recover,  speaks  to  his 
friends,  and  often  transacts  whatever  business  is  necessarj? ;  but  speedily 
falls  back  into  collapse.  The  improvement  in  his  condition  is  altogether 
due  to  the  temperature  of  the  fluid  injected,  which  sujiplies  for  a  brief 
l)eriod  the  deficient  animal  heat,  permits  a  partial  oxidation  of  the  blood, 
restores  the  capillary  circulation  in  the  muscles  and  so  destroys  their 
cramp,  and,  by  supplying  the  deficient  work  required,  removes  for  the 
moment  the  fatal  prostration  of  strength.  Any  one  who  has  witnessed 
the  remarkable  effects  of  warm  liquids  thus  injected  in  cholera  collapse 
must  feel  that  recovery  would  be  certain  if  the  improvement  could  by 
any  possibility  be  made  permanent. 

Our  hopes  for  the  future,  as  to  the  treatment  of  cholera,  lie,  as  I 
believe,  in  the  direction  of  supplying  to  the  body  directly  its  lost  animal 
heat.  1  have  witnessed  the  happiest  results  from  an  injection  of  warm 
salt  water  into  the  bowels,  assisted  b^'  hand  friction  of  the  surface  with 
turpentine  and  chloroform,  and  the  application  of  bags  of  hot  salt  along 
the  spine ;  in  cases  treated  in  this  manner,  we  may  expect  to  witness 
cessation  of  muscular  cramp,  restoration  of  perspiration  to  the  skin,  with 
increase  of  capillar}^  circulation,  and  fiimlly,  to  reward  our  eff"orts,  a 
return  of  the  excretions  of  urine  and  bile;  when  these  reapi)ear,  all 
vomiting  and  purging  cease,  an?l  our  patient  is  almost  cured. 

After  recovery,  the  contrast  between  the  cholera  and  fever  patient  is 
as  great  as  it  was  during  sickness.  The  fever  patient  has  been  over- 
worked for  nine  or  fifteen  days  without  a  suitable  supply  of  food,  and 
when  convalescent  experiences  a  comi>lete  exhaustion  of  strength  that 
lasts  for  many  weeks.  The  cholera  patient,  on  the  other  hand,  has  been 
prevented  from  working  by  constriction  of  the  capillary  vessels,  caused 
by  the  absorption  of  the  cholera  poison,*  and  feels,  on  recovery,  much 
like  a  man  that  has  been  half  drowned,  while  the  fever  patient  resembles 
a  man  that  has  been  half  starved ;  the  one  is  able  to  return  to  his  work 
in  the  course  of  a  few  days,  the  other  only  after  the  lapse  of  as  many 
weeks. 

There  are  two  popular  superstitions  prevalent  among  medical  men 
respecting  nature,  which  yearly  slaughter  hecatombs  of  victims,  viz, 
that  nature  is  simple  in  her  oi)erations,  and  beneficent  in  her  intentions; 
she  is  often  both  simple  and  beneficent,  but  at  other  times  she  is  un- 
questionably both  complex  and  malevolent. 

An  Egyptian  fable  informs  us  that  the  votaries  of  goddess  Nature 
were  divided  in  opinion  as  to  whether  she  was  transcendently  beautiful 


•  Whatever  this  may  be,  its  period  of  incubation  is  49  hours;  that  of  strychnine  is  22 
minutes.        -tQa 
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or  hideously  ugly;  and  that,  in  order  to  keep  up  this  difference  of  opinion 
which  suits  her  purpose,  she  always  wears  a  thick  veil  over  her  face. 

"For,  with  a  veil  that  wimpled  everywhere, 
Her  head  and  face  were  hid,  that  mote  to  Done  appear ; 
That  some  do  say  was  so  l>y  skill  devised, 
To  hide  the  terror  of  her  UDCouth  hue 
From  mortal  eyes  that  should  be  sore  agrised ; 
For  that  her  face  did  like  a  lion  show, 
That  eye  of  wight  could  not  endure  to  view ; 
But  others  tell  that  it  so  beauteous  was, 
And  round  about  such  beams  of  splendor  threw, 
That  it  the  sun  a  thousand  times  did  pass. 
Nor  could  be  seen  but  like  an  image  in  a  glass." 

Before  trusting  nature  in  the  matter  of  cholera,  and  procee<ling  to 
help  her,  it  would  be  well  to  inquire  whether  she  intends  to  cure  the 
patient  by  her  ev^acuations  or  to  put  him  into  his  coffin.  For  myself,  I 
greatly  mistrust  her,  and  would  wisli  to  ask,  previous  to  assisting  her^ 
whether  she  is  really  my  mother  or  only  my  stepmother.  Our  experience 
in  Dublin  has  shown  that  no  more  eflTectual  mode  of  shortening  life  coald 
be  devised  in  cholera  than  the  "eliminant"  treatment;  and  it  was  accord- 
ingly abandoned  as  soon  as  tried  in  that  city. 

It  is  much  to  be  regretted  that  an  authority  so  deservedly  held  in 
high  repute  as  that  of  Sir  Thomas  Watson  can  be  now  quoted  in  favor 
of  the  treatment  of  cholera,  by  the  maxim,  similia  simiUhxis  cnrantnr. 
So  far  as  Dr.  Watson  has  informed  us,  his  change  of  opinion  rests  upon 
the  statements  of  others,  and  not  upon  his  own  experience.  He  has 
suddenly  become  an  advocate  of  the  castor  oil,  rhubarb,  calomel,  and 
eliminant  treatment  of  cholera,  and  writes  as  follows: 

''  When  I  last  spoke  on  this  subject  in  these  lectures,  I  stated  that 
the  few  recoveries  which  I  had  witnessed  had  all  taken  place  under  large 
and  repeated  doses  of  calomel,  but  I  could  not  venture  to  affirm  that  the 
calomel  cured  them.  At  present  I  am  much  disposed  to  believe  that  by 
its  cleansing  a'^tion  the  calomel  may  have  helped  the  recovery;  and  after 
all  that  I  have  since  seen,  heard,  read,  and  thought  upon  the  matter,  I 
must  confess  that  in  the  event  of  my  having  again  to  deal  with  the  dis- 
order, I  should  feel  bound  to  adopt,  in  its  generality,  the  evacuant  theory 
and  practice." 

Sir  Thomas  Watson  omits  to  add  that  tiie  cases  here  referred  to 

were  only  six  in  number,  of  whom  three  died  and    three  i-ecovered, 

which  is  exactly  what  might  have  been  expected  if  he  had  not  interfered 
at  all. 

Cholera  from  Bengal  visits  these  islands  at  intervals  of  about  seven- 
teen years,  and  it  is  much  to  be  feared  that  on  its  next  outbreak  hun- 
dreds of  patients  will  be  sacrificed,  in  obedience  to  the  dogma  that 
asserts  it  to  be  our  dutv  to  assist  nature. 

C.  Diabetes  mellitus. — This  disease  furnishes  us  with  one  of  our  best 
proofs  that  all  the  chemical  changes,  by  means  of  which  work  is  pro- 
duced, take  place  in  tV\e  \Ack>^  ww^  wo\,Vw  \\\^.  \\^^\\^^  c\'l  \w  \wly:  xrl 
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at  the  same  time,  an  examination  of  its  phenomena  explains  satisfactorily 
the  regimen  and  diet  which  has  been  found,  by  experience,  most  suitable 
to  the  diabetic  patient.  I  shall  illustrate  the  disease  by  a  case  which 
was  placed  under  my  control  by  Dr.  Stokes  some  years  ago. 

A  young  man  (iet.  20)  named  Murphy  sufi'ered  from  fever  (enteric  1} 
in  November,  1850,  and  on  recovering  became  diabetic;  he  was  admit- 
ted into  the  Meath  Hospital  in  October,  18G0,  where  he  remained  under' 
my  observation  until  his  death,  on  the  12th  January,  18G1. 

He  was  allowed,  for  nine  weeks,  to  eat  as  much  as  he  liked  of  certain 
kinds  of  food,  which  were  varied,  week  by  week,  to  suit  his  wants,  my 
object  being  to  obtain,  if  i)ossible,  the  natural  constants  of  the  disease, 
iiudisturbed  by  external  interference;  the  only  medicine  used  by  Dr. 
Stokes's  order  being  opium,  to  produce  sleep,  and  a  little  creosote  occa- 
sionally, to  promote  digestion.  As  the  details  of  this  experiment  have 
been  fully  published,  I  shall  confine  myself  to  the  final  results.  His 
food  and  excretions  were  analyzed  from  week  to  week,  so  as  to  determine 
the  total  quantities  of  sugar-forming  and  ure^i-producing  food,  as  well 
as  the  sugar  and  urea  actually  excreted. 

During  six  of  the  nine  weeks,  the  sugar  excreted  w'as  in  excess  of  the 
sugar  ingested;  and  the  means  of  the  whole  nine  weeks'  daily  excretion 
and  ingestion  of  sugar  were — 

Grains. 

Sugar  excreted 0,  773 

Sugar  ingested 0, 321 

Difference 452 


During  two  of  the  nine  weeks  of  observation,  the  urea  excreted  was 
in  excess  of  the  urea  ingested ;  and  the  means  of  the  whole  nine  weeks' 
daily  excretion  and  ingestion  of  urea  were — 

Grains. 

Urea  excreted 1, 182 

Urea  ingested 1, 340 

The  foregoing  facts  illustrate  strikingly  one  of  the  prominent  symptoms 
of  diabetes,  viz,  the  canine  appetite ;  the  quantity  both  of  sugar-pro- 
ducing  and  urea  forming  food  consumed  is  more  than  double  what  is 
necessary  to  maintain  a  vigorous  laborer  in  perfect  health.  An  exami- 
nation of  the  excretions  explains  the  other  prominent  symptom  of  dia- 
betes, viz,  the  complete  prostration  of  strength  in  the  patient,  notwith- 
standing the  great  amount  of  food  consumed. 

In  a  state  of  health,  food  produces  three  excretions  only,  viz,  urea, 
carbonic  acid,  and  water;  in  diabetes,  the  farinaceous  foods  appear  in 
the  excretions  as  sugar,  and  not  as  carbonic  acid  and  water;  and  the 
work  necessary  to  maintain  animal  heat  must  be  provided  altogether  at 
the  expense  of  flesh  food,  which  is  the  very  form  of  food  least  fitted  to 
maintain  it. 
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The  diabetic  patient  resembles  a  racing  steamboat  on  the  Mississippi 
whose  supply  of  coals  is  exhausted,  and  whose  cargo  famishes  nothing 
better  than  lean  pork  hams  to  throw  into  the  furnace  to  maintaiu  the 
race.  It  cannot  be  wondered  at  that  our  poor  patient,  under  such  dis- 
advantageous conditions,  fails  to  keep  in  the  front. 

Let  us  compare  together  the  minimum  of  work  necessary  to  keep 
*T)wen  Murphy  alive,  with  the  work  actually  supplied  to  him  by  the  food 
digested. 

1.  1  have  already  stated  that  Dr.  Eanke  found  G60  grams  of  carbonic 
acid  excreted  daily,  in  the  extreme  fasting  condition,  when  he  weighed 
67  kilograms.    Now,  since — 

660  grams  =  10185.35  grains, 

67  kilograms  =      147.71  pounds, 

we  find  69  grains  per  pound  of  body  weight  as  the  minimum  excretion 
of  carbonic  acid  consistent  with  continued  life. 

This  quantity  of  carbonic  acid  represents  a  work  generated  by  its 
production  that  would  lift  its  corresponding  pound  of  body  weight 
through  a  height  of — 

69  X  1  X  8080  X  I  X  ,Jl\,,,=  ^o.lW  miles. 

Under  ordinary  conditions,  the  greater  part  of  this  carbonic  acid  and 
work  is  produced  by  the  digestion  of  farinaceous  food ;  but  since,  as  we 
have  seen,  the  farinaceous  food  is  excreted  a«  sugiir  in  the  diabetic 
patient,  and,  therefore,  does  no  work  at  all,  the  whole  of  the  foregoing 
work  must  be  done  by  the  digestion  of  other  kinds  of  food. 

I  have  already  shown  that  it  follows,  from  Lavoisier's  experiments, 
(confirmed  in  a  remarkable  manner  by  those  of  Regnault,)  that  the  work 
done  by  the  combustion  of  carbon  in  the  body  is  to  the  work  done  by 
the  combustion  of  hydrogen  in  the  proportion  of  9068  to  3024,  almost 
exactly  3  to  1 ;  hence  we  have  the  work  done  by  Owen  Murphy,  as  a 
minimum  in  health — 

Biiles. 

Due  to  carbon 5.  7 16 

Due  to  hydrogen 1. 005 


7.621 


This  result  is  somewhat  in  excess  of  the  truth,  for  the  same  reason 
that  the  calculated  digestion  coefficient  of  proteine  is  in  excess  of  that 
found  by  Frankland  from  experiment;  for  the  combustion  coefficients  of 
carbon  and  hydrogen  in  organic  compounds  are  slightly  less  than  when 
free.  If  we  are  permitted  to  reduce  7.621  miles  in  the  same  proi>ortian 
as  in  the  digestion  of  proteine,  viz,  48  to  43,  we  shall  find- 
Owen  Murphy  minimum  of  work  consists  of  body  weight  lifted  through 
6.83  miles. 
Let  us  now  compare  t\i\a  immmwm  '^vtli  tUe  work  actually  performed 
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by  liim  when  suffering  from  diabetes,  by  the  digestion  of  flesh  food  and 
production  of  urea. 

2.  I  have  already  shown  that  the  work  produced  by  the  formation  of 
501.28  grains  of  urea  is  704  foot-tous  by  calculation  from  the  composition 
of  proteiue  and  urea.  This  result  should  be  reduced  in  the  proportion 
of  48375  to  43155,  in  order  to  obtain  the  work  given  by  Professor  Frank- 
laud's  experiments.  Making  this  reduction,  we  find  that  500  grains  of 
urea  correspond  to  626.3  foot-tons  of  work,  or  100  grains  urea  to  125.26 
foot-tons;  or,  in  other  words,  every  four  ^grains  of  urea  excreted  correspond 
to  five  tons  lifted  through  one  foot, 

Owen  Murphy  excreted,  on  an  average,  1,182  grains  of  urea  daily 
during  nine  weeks,  which,  by  the  foregoing  rule,  are  equal  to — 

1475  foot-tons  =  Murphy  x  x 

where  x  represents  in  miles  the  height  through  which  the  patient  could 
be  lifted  by  the  work  done  per  day,  and  is  equal  to — 

1475  X  2240       aoa      i 
X  =____i2_,_^^  ==  6.69  miles. 

93.56  X  5280 

This  result  is  almost  exactly  equal  to  that  already  found  as  the  min- 
imum consistent  with  continued  life,  and  explains  in  the  most  satisfactory 
manner  the  complete  prostration  of  the  patient,  notwithstanding  the  con- 
sumption and  digestion  of  more  than  double  the  usual  quantity  of  flesh 
food. 

In  corroboration  of  the  foregoing  conclusion,  I  may  mention  that 
Murphy's  temperature  was  found  to  be  constantly  2°  F.  below  that  of 
other  patients  (chronic)  placed  in  the  same  ward,  and,  in  other  respects, 
under  similar  conditions. 

His  unfavorable  symptoms  (so  long  as  his  powers  of  digestion  were 
not  impaired)  were  invariably  alleviated  by  the  free  use  of  flesh  food 
and  fat,  the  latter  being  instinctively  prefened  by  him ;  so  much  so, 
that  during  the  delirium  that  preceded  his  death  for  twenty-four  hours, 
he  raved  incessantly  about  "fat,  roasted  fat,  which  the  angels  of  heaven 
were  preparing  for  him." 

I  have  studied  many  other  cases  of  diabetes  meUitus^  and  found  similar 
results  in  all;  but  I  feel  it  to  be  unnecessary  to  describe  them,  as  one 
well-ascertained  train  of  phenomena,  carefully  observed  and  recorded, 
is  quite  sufficient  to  establish  the  order  of  nature. 

CONCLUSION. 

I  have,  now,  Mr.  President  and  gentlemen,  to  apologize  for  the  length 
of  time  during  which  I  have  spoken,  and  to  thank  you  for  the  patience 
with  which  you  have  listened  to  me.  I  am  well  aware  how  much  I  am 
indebted  to  your  kindness,  for  I  labored  under  two  serious  disadvantages 
in  addressing  you — in  the  first  place,  1  had  undertaken  a  task  beyond 
my  strength;  and  again,  my  address  is  made  shortly  after  you  had, 
like  myself,  been  charmed  and  instructed  by  the  luminous,  learned,  and 
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eloquent  oration  of  Professor  Rolleston.  I  felt  confident,  however,  that 
I  possessed  one  advautag^e  that  be  did  not;  I  was  a  stranger  in  Oxford, 
and  believed  that  my  faults  in  matter  and  st^ie  would  be  leniently  criti 
cised;  in  this  expectation,  I  am  happ3^  to  say  I  am  not  disapiwinted; 
and  again  I  thank  you  for  your  kindness.  Two  other  advantages  I  share 
with  him,  which  have  contributed  to  his  address  as  much  as  to  my  own— 
a  profound  respect  and  reverence  for  all  honest  laborers  in  search  of  truth, 
whether  they  have  preceded  us  by  twenty  years  or  by  two  thousand 
years;  and  an  unwavering  confidence  and  faith  in  the  future  that  lies 
before  the  science  of  medicine.  Wo  traverse  a  sea  mapped  with  imper- 
fect charts,  but  assured  of  a  safe  guide  in  our  compass  and  stars;  bat 
we  cannot  afford  to  neglect  a  single  rock  or  shoal,  buoyed  for  us  by  the 
skill  and  cure  of  those  that  have  preceded  us.  Let  us  follow  their 
example,  and  mark  with  conscientious  care,  for  our  successoi*s,  the  dan- 
gers we  ourselves  discover  and  escape. 

Assembled,  as  we  are,  within  the  halls  of  the  University  of  Oxford, 
the  center  and  heart  of  all  that  is  intellectual  and  religious  in  the  life 
of  England — a  university  that  borrows  its  accurate  logic,  as  well  as 
its  refined  ethics,  from  the  lips  of  Aristotle;  that  reverences  EucHdas 
the  fountain  and  source  of  its  elegant  geometry;  and  sits  at  the  feet  of 
Homer,  Pindar,  and  Eschylus,  to  learn  its  poetry — we  need  not  fear  that 
Hippocrates  and  Galen  will  ever  want  admirers  and  students;  but  the 
Oxford  of  to-day  has  taught  us,  what  many  did  not  anticipate,  that  she 
is  equally  ready  and  skillful,  as  she  has  proved  herself  to  be  in  cultivat- 
ing literature,  to  devote  her  vast  intellectual  energies  to  the  encour- 
agement and  development  of  the  natural  sciences,  based  upon  the  solid 
and  only  permanent  foundation  of  mathematical  research.  The  efforts 
made  within  the  liist  few  years  by  Oxford  to  encourage  within  her  walls 
the  mathematical  and  natural  sciences,  have  won  for  her  the  resi)ect, 
and  warmed  toward  her  the  hearts,  of  all  that  search  for  truth  in  the 
study  of  nature.  Our  brothers  in  Oxford,  like  the  Athenians  at  Syra- 
cuse, have  gone  on  board  the  fleet,  while  we  watch  them  from  the  shore, 
sympathizing  in  the  sea-fight;  as  they  win,  we  shout;  when  they  fail, 
we  weep. 

Long  may  the  union  of  the  far  distant,  but  never  to  be  forgotten,  past, 
with  the  living  present,  that  now  exists  in  Oxford,  continue.  No  scieoce, 
no  profession,  can  benefit  so  much  by  it  as  that  of  medicine. 
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By  Dr.  J.  Emerson  Reynolds. 


Notes  of  a  lecture  delivered  in  the  theater  of  the  Boyal  Dublin  Society. 

When  the  programme  of  this  course  of  lectures  was  published,  it 
became  evident  that  the  subject  of  the  present  one  was,  by  a  singular  co- 
incidence, closely  connected  with  that  of  two  of  the  earlier  lectures  of 
the  series.  I  refer  to  the  discourse  of  Mr.  Stoney  on  "  Meteoric  Show 
ers,"  and  of  Professor  Ball  on  "  Nebulaj.''  In  the  latter  lecture,  we 
learned  that  many  of  the  thin  mists  observable  in  the  heavens  are  not 
star  clusters,  as  they  were  long  supposed  to  be,  but  are  enormous  masses 
of  gaseous  matter  in  a  state  of  intense  ignition.  The  examination  of 
the  light  emitted  by  these  nebulae  enables  us  to  state  with  certainty  that 
at  least  one  elementary  body  well  known  upon  this  earth  is  present 
in  all  of  them  as  a  principal  constituent,  and  that  element  is  one  which 
chemists  call  hydrogen.  In  Mr.  Stoney's  lecture  on  *'  Meteoric  Showers," 
he  pointed  out  that  some  of  these  strange  visitors  to  our  globe,  the  me- 
teoric stones,  are  found  to  contain  pent  up  within  them  a  certain  gas, 
which  gas  has  been  shown  by  analysis  to  be  hydrogen.  We  find,  then, 
this  hydrogen  in  enormous  quantities  throughout  space,  and  at  so  great 
a  distance  from  our  planet  that  the  human  mind  is  unable  to  appreciate 
the  interval  which  separates  us  from  even  the  nearest  of  those  mighty 
gaseous  oceans.  Again,  we  find  this  hydrogen  carried  to  our  planet  by 
those  strange  wanderers  of  interstellar  space,  the  meteors.  And,  finally, 
we  have  it  on  this  earth,  not  in  the  free  state,  it  is  true,  but  as  an  essen- 
tial constituent  of  one  of  the  most  important  components  of  this  globe, 
viz,  water. 

Our  object  in  this  lecture,  then,  is  to  study  this  remarkable  element, 
hydrogen,  as  we  meet  with  it  here,  to  determine  some  of  its  chief  prop- 
erties, and  to  ascertain  its  nature. 

It  has  been  already  said  that  our  chief  storehouse  of  hydrogen  on 
this  earth  is  water,  but  we  find  it  in  many  other  well-known  bodies;  for 
instance,  in  the  dreaded  "  tire-damp"  of  our  coal  mines  we  have  the  hy- 
drogen combined  with  another  element,  carbon.  Again,  common  coal- 
gas  contains  a  large  proportion  of  hydrogen  ;  and  I  have  only  to  men- 
tion that  this  same  bodv  is  an  essential  constituent  of  the  bread  we  eat, 
the  sugar  we  mix  with  our  tea,  the  clothes  we  wear,  of  our  flesh  and 
blood  too,  in  order  to  show  that  this  is  one  of  the  most  widely  diffused 
of  that  class  of  bodies  known  to  chemists  as  elementary  forms  of  mat- 
ter.   But  though  we  find  hydrogen  in  all  the  substances  mentioned  just 
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HOW,  and  in  many  more  besides,  for  the  purpose  of  the  present  lecture 
we  shall  confine  our  attention  to  one  of  its  most  remarkable  and  widely 
diflused  compounds,  viz,  water. 

Water,  in  whatever  condition  we  find  it  in  nature,  whether  solid,liqaid. 
or  gaseous,  (as  steam,)  is  a  compound  bodj,  being  made  up  of  two  sim 
pie  forms  of  matter — the  one  called  oxygen,  the  principal  constitnent 
of  the  air  we  breathe,  and  the  other  hydrogen.    Chemists  are  acquainted 
with  several  modes  of  breaking  up  the  compound  water  into  its  two 
elementary  components ;  but  one  of  the  most  convenient  methods  we 
can  employ  for  effecting  this  analysis*  of  water  is  to  make  electricity 
tear  asunder  its  two  constituents.    When  water  is  made  part  of  a  gal- 
vanic circuit,  by  plunging  the  two  poles  of  a  galvanic  battery  into  a 
vessel  of  the  liquid,  we  find  that  bubbles  of  gas  are  evolvecl  at  each 
l)ole.    By  a  very  simple  arrangement,  we  can  collect  the  gases  given 
off  at  each  terminal  of  the  batterj^,  and  we  then  find,  on  testing  tbe 
products,  that  two  colorless  ga^jes  are  obtained,  possessing  widely  dif- 
ferent properties.    We  observe  that  the  gas  liberated  at  the  end  of  the 
wire  connected  with  the  platinum  plate  of  the  galvanic  battery  (the 
positive  pole)  is  colorless,  heavier  than  atmospheric  air ;  and  that  when 
a  glowing  wooden  match  is  dipped  into  a  vessel  filled  with  the  gas,  the 
wood  burns  with  great  brilliance,  though  the  gas  does  not  itself  take 
fire.    This  peculiar  gas  is  therefore  a  powerful  supporter  of  combustion, 
though  incombustible  itself,  and  is  called  oxygen.     We  now  turn  our 
attention  to  the  gas  given  off  at  the  negative  pole  of  the  battery,  t.  e., 
at  that  connected  with  the  zinc  plate.    This  is  also  found  to  be  a  color- 
less gas,  but  very  much  lighter  than  air,  and  incapable  of  supporting 
the  combustion  of  a  burning  taper  plunged  into  it  j  but  though  not  a  sup- 
porter of  combustion  in  the  ordinary  sense  of  the  term,  it  iK)ssesses  tbe 
remarkable  property  of  burning  itself  with  a  pale  lambent  blue  fiame. 
This  is  the  gas  hydrogen — the  remarkable  body  whose  chief  properties 
we  have  now  more  especially  to  study. 

[Other  modes  of  liberating  hydrogen  from  water  were  shown,  and  the 
leading  properties  of  the  gas  demonstrated.] 

When  hydrogen  burns  in  air,  its  sole  product  of  combustion  is  water: 
hence  the  name  of  this  remarkable  substance,  signifying  '^  water-pro- 
ducer." But  oxygen  and  hydrogen  can  also  be  made  to  combine  and 
l)roduce  water  when  presented  to  each  other  in  conditiotie  nascintij  or  at 
the  moment  of  liberation  from  other  forms  of  combination.  The  im- 
portance of  knowing  this  fact  will  be  apparent  further  on. 

The  beautiful  researches  of  the  late  Professor  Faraday  have  made  us 
familiar  with  the  fact  that  many  of  the  gases  known  to  chemists  are 
merely  the  vapors  of  extremely  volatile  liquids ;  for,  on  subjecting 
these  gases  to  very  great  pressure  and  to  intense  cold,  in  mai\y  case5 
liquids  are  obtained  and  even  solids,  which,  on  removal  of  the  pressure 
under  which  they  were  produced,  resume  the  gaseous  condition  at  ordi- 
nary temperature.    Hydrogen  has  been  likewise  subjected  by  the  learned 
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Or.  Andrews,  of  Belfast,  to  enormous  pressures,  unci  to  extremely  !ow 
:emperatures,  but  without  exhibiting  the  slightest  tendeucy  to  couden- 
^ation.  Hence  it  has  generally  beeu  considered  a  permanent  gas;  but 
recent  investigations,  conducted  by  the  master  of  the  British  Mint,  the 
loiirned  and  distinguished  Professor  Graham,  tend  strongly  to  show 
that  hydrogen  gas,  as  we  meet  with  it  under  ordinary  circumstances,  is 
really  the  vapor  of  a  highli;  volatile  metal. 

It  may  be  now  generally  stated  that  when  a  solution  containing  a 
metal  and  a  non-metallic  body  is  decomposed  by  a  galvanic  current,  the 
metal  is  usually  deposited  on  the  negative  pole,  and  the  non- metallic 
body  on  the  positive  electrode.  If,  for  instance,  we  take  a  solution  of 
common  blue  vitriol,  or  sulphate  of  copper,  and  plunge  the  poles  of  a 
battery  into  the  liquid,  we  find  that  immediately  metallic  copper  is  depos- 
ited on  the  wire  forming  the  negative  pole,  while  the  sulphuric  acid  (a 
non-metallic  body)  appears  at  the  positive  end.  If  now  we  plunge  the 
two  poles  into  plain  water,  which,  as  we  have  already  seen,  is  a  com- 
pound of  hydrogen  and  oxygen  only,  the  h^'drogen  appears  at  the  negative 
pole  and  the  oxygen  at  the  opposite  one.  We  learn,  then,  in  applying 
the  galvanic  test,  that  hydrogen  arrays  itself  on  the  side  of  metals^  and 
this  fact  is  completely  in  accord  with  the  view  of  its  nature  referred  to 
above. 

Again,  it  is  a  well-known  fact  that  metals  are  capable  of  uniting  with 
each  other  so  as  to  form  compounds  called  alloys  ;  thus,  brass  is  an  alloy 
resulting  from  the  fusion  of  the  two  metals  copper  and  zinc  in  suit- 
able proportions.  But  it  is  not  always  necessary  that  the  two  metals 
should  be  heated  together  in  order  to  make  them  combine ;  for,  if  we 
take  a  slip  of  gold  and  plunge  it  into  some  of  the  liquid  metal, 
mercury,  or  quicksilver,  as  it  is  called,  the  gold  and  mercury  combine 
with  each  other  to  form  an  alloy  or  ^*  amalgam,"  possessing  a  strong 
metallic  luster.  To  go  just  one  step  further :  if  we  convert  this  metal, 
mercury,  into  a  colorless,  invisible  gas,  which  we  can  do  by  applying 
sufficient  heat,  and  if  into  a  vessel  filled  with  this  mercury  gas  we 
plunge  a  slip  of  gold,  we  find  that  the  two  metals  combine  or  amalga- 
mate nearly  as  easily  as  under  ordinary  circumstances.  If,  then,  we 
can  accomplish  so  much  with  the  mercury  gas,  whose  metallic  nature  is 
certain,  why  may  we  not  make  hydrogen  gas  alloy  with  some  metal  also  ! 

By  the  very  beautiful  and  interesting  discovery  that  certain  metals 
possess  the  power  of  absorbing  enormous  quantities  of  hydrogen  with- 
out loss  of  metallic  appearance.  Professor  Graham  has  greatly  strength- 
ened the  evidence  in  favor  of  the  metallic  nature  of  hydrogen,  and  has 
even  gone  so  far  as  to  calculate  the  density  of  the  metal,  which  he  calls 
'^  hydrogenium." 

Professor  Graham  found  that  certain  metals — palladium  and  platinum 
more  particularly — possess  the  extraordinary  power  of  absorbing  large 
volumes  of  hydrogen  gas,  and  retaining  it  in  some  kind  of  combination. 
In  order  to  demonstrate  this,  it  is  only  necessary  to  take  a  plate  of  pal- 
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ladhmi  foil,  and,  having  connected  it  by  a  wire  with  the  zinc  end  of  a 
galvanic  cell,  to  immerse  the  plate  in  acidulated  water,  the  positiveiwle 
being  connected  with  a  plate  of  platinum  likewise  immersed  in  tli<*  liquid, 
hydrogen  is  immediately  set  free  at  the  palladium  surface,  and  ox\<ieu 
at  the  platinum  end.  The  latter  gas  is  given  oft*  in  bubbles  irom  the 
platinum,  whereas  the  hydrogen  is  absorbed  by  the  palladium. 

The  palladium  is  capable  of  thus  absorbing  about  nine  hundred  tima 
its  volume  of  hydrogen,  and  this  enormous  absorption  or  condensation  of 
hydrogen  within  the  pores  of  the  metal  takes  place  without  any  mate- 
rial alteration  in  the  color  of  the  liMadinuiy  the  latter  retaining  ititmelallk 
appearance.  This,  among  other  circumstances,  induced  Professor  Graham 
to  regard  the  charged  palladium  as  being  a  true  alloy  of  palladium  with 
the  metal  hydrogenium ;  for  it  has  been  found  that  when  two  metals 
unite,  the  compound  resulting  retains  the  characters  of  a  metal,  whereas 
this  is  not  the  case  when  a  metal  and  a  non  metallic  body  combine,  hi 
order  to  exhibit  this  absorption  on  a  large  scale,  I  have  ari-anged  the 
following  experiments : 


Fiff.l 


A  small  glass  cell  is  partially  fdled  with  water,  slightly  acidulated  with 
sulphuric  acid.  Into  this  water  a  bar  of  metallic  tin  is  dipped;  this  Imr 
is  of  the  size  shown  at  T,  Fig.  1,  and  is  supported  in  a  horizontal 
position  by  means  of  a  varnished  wire  clamped  to  the  side  of  the  glass 
cell  with  the  aid  of  a  binding-scTew.  Having  secured  T  in  its  position, 
we  now  take  a  slip  of  rather  stout  palladium  foil,  about  lour  inches  Ion?, 
and  a  quarter  of  an  inch  wide,  and  coil  it  as  shown  at  P;  to  the  eml 
within  the  spiral  is  now  attached  a  fine  liber  of  glass  by  means  of  a 
minute  quantity  of  cement,  and  this  is  so  adjusted  that  the  glass  shall 
act  as  a  needle-indicator,  as  shown  in  the  diagram.  The  palladiuoi  is 
then  attached  to  the  edge  of  the  glass  cell  by  means  of  a  binding  screw 
and  varnished  wire.  When  the  cell,  so  arranged,  is  placed  at  D,  Fig. 
2,*  the  image  is  i)rojected  on  the  screen,  as  in  Fig.  1. 

*  This  projection  may  bo  most  conveniently  cfFected  by  means  of  the  apparatus  shown 
in  section  at  Fi*;.  2,  and  which  was  an'anged  for  me  by  Mr.  Yeates,  of  Dubhn.  At  A  wc 
have  the  front  of  a  lantern  witli  the  olnject-glasvses  removed,  the  li;;bt  oxyhy<lm;n*n. 
oxycalcinm,  or  any  other,  having  to  pass  only  through  the  condensers.  After  passing 
tlio  coudeusersy  the  raya  laW  ou  aw  otv.W.w^i'^  Yi\vTT\it,li,  suitably  inclined  to  the  beam  of 
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Without  disturbing  the  apparatusr,  we  now  connect,  b^^  means  of  the 
131  ndiug- screw  and  a  copper  wire,  the  palhidium  spiral  with  the  zinc 
phite  of  a  galvanic  battery — one  or  two  cells  are  sufficient — and  the  tin 
rod  is  connected  with  the  opposite  x)late  of  the  battery.  Immediately 
ou  making  contact,  the  water  is  decomposed  by  the  electric  current,  hy- 
drogen being  liberated  at  the  surface  of  the  palladium,  and  oxygen  on 
the  tin.  The  latter. gas  is  set  free  in  bubbles,  but  the  hydrogen,  instead 
of  being  liberated  in  the  gaseous  form,  i8.absorbed  b^^  the  palladium  ; 
the  volume  of  the  metal  is  thereby  increased,  and  the  coil  opens  out  as 
if  endued  with  vitality.  In  doing  this  the  glass  needle  is  made  to  travel 
over  several  feet  on  the  screen,  and  assumes  the  i)osition  rei>resented  by 
the  dotted  line  h. 

In  this  way  we  are  able  easily  to  show  the  expansion  of  the  palladium 
then  charged  with  hydrogen  :  but  it  is  obvious  that,  on  the  removal  of 
the  hydrogen,  the  needle  should  return  to  its  original  position.  In 
order  to  take  away  the  hydrogen  from  the  palladium,  wehav^e  simply  to 
reverse  the  poles  of  the  battery ;  that  is  to  say,  we  now  connect  the  tin 
bar  with  the  negative  wire,  and  the  palladium  with  the  other  pole. 
Now,  on  passing  the  current,  oxygen  is  set  free  at  the  surface  of  the 
palladium  spiral,  and  hydrogen  on  the  tin.  The  oxygen,  liberated  iu 
juxtaposition  with  the  hydrogenized  palladium,  unites  with  the  hydro- 
gen, and  forms  water,  no  material  amount  of  oxygen  api)earing  at  the 
surface  of  the  palladium  until  all  the  hydrogen  has  been  removed  from 
the  latter. 

If  we  watch  the  effect  of  the  change  produced  in  this  way  on  the 
screen,  we  find  that,  according  as  the  hydrogen  is  removed  from  the 
l)alladium,  the  needle  begins  to  move  from  the  position  it  assumed  at  b, 
when  the  spiral  was  charged  with  hydrogen,  or  alloyed  with  hydro- 
genium,  if  we  x)refer  the  term,  until  it  returns  to  the  starting-point  a. 
Instead  of  resting  there,  as  it  ought  to  do,  however,  it  travels  on  steadily 
until  it  reaches  the  position  c;  thus  demonstrating  the  singular  fact 
that  the  contraction  of  the  palladium  on  losing  its  charge  of  hydrogen 
is  double  the  amount  of  its  previous  expansion.  Professor  Graham 
accounts  for  thiS  singular  phenomenon  by  supposing  that  the  x)articles 
of  the  metal  slide  over  each  otlier  in  a  lateral  direction,  so  that  the  band 
of  the  palladium  is  unusually  shortened,  though  its  density  is  not  in- 

_ — J _ . . 

liglit,  80  that  the  latter  may  be  reflected  in  a  vertical  direction,  as  indicated  by  the 
dotted  line.  Immediately  above  this  mirror  is  placed  on  a  wooden  support  the  flat 
glass  cell  D,  about  an  inch  in  depth,  and  of  any  required  size.  Above  this  vessel  is 
placed  a  double  convex  lens,  E  ;  the  height  at  which  this  must  be  i)laced  above  D  will 
depeud  on  the  jfocus  of  the  lens,  and  is  readily  found  by  ascertaining  the  jioint  at 
which  the  image  of  the  object  placed  in  D  is  most  clearly  detined  on  the  screen.  The 
rays  reflected  from  the  lirst  mirror,  B,  and  having  passed  through  D  and  E,  now  fall 
on  a  second  mirror,  C,  by  which  means  they  are  projected  on  to  the  screen,  and,  when 
the  focus  is  iiroperly  adjusted  by  shifting  E,  a  well-defined  image  of  any  object  placed 
at  D  is  shown  erect  on  the  sheet.  # 
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creased,  since  reduction  in  length  is  accompanied  by  a  proimtiuoal 
increase  in  other  dimensions. 

It  is  found  that  this  palladium  foil  charged  with  hydrogen  possesses 
most  powerful  reducing  properties ;  that  the  hydrogen  within  it  is  just 
as  capable  of  reducing  silver  salts  as  a  metallic  lyyer  of  zinc  would  be. 
As  illustrating  this  point,  we  may  cite  an  experiment :  A  plate  of  pal- 
ladium foil  was  charged  with  hydrogen,  as  ubove  described,  and  then 
immersed  in  a  solution  of  corrosive  sublimate ;  almost  immediately  a 
white  precipitate  of  calomel  made  its  appearance,  and,  when  the  action 
proceeded  a  little  further,  mercury  was  reduced.  On  repeating  this 
experiment  with  a  slightly  alkaline  solution  of  nitrate  of  silver,  the 
metal  was  quickly  thrown  down  on  the  palladium  idate,  and,  when  an 
alkaline  solution  of  gold  was  used,  the  metal  was  likewise  precipit;  ted 
These  precipitates  were  obtained  under  circumstances  in  which  tbe  ordi- 
nary hydrogen  gas  or  palladium  foil  alone  would  have  been  quite  inca- 
pable of  effecting  reduction. 

We  have  already  seen  that  hydrogen  can  be  liberated  from  the  charged 
palludium  by  presenting  to  it  oxygen  in  conditione  nascenii^  but  it  can 
also  be  set  free  by  heat,  or  by  reduction  of  the  pressure  of  the  atmo- 
sphere surrounding  the  charged  plate.  If  a  palladium  wire  be  made  to 
absorb  as  much  hydrogen  as  it  can  take  up,  and  if  the  tip  of  the  wire 
be  heated  in  the  flame  of  a  spirit-lamp,  hydrogen  gas  is  liberated,  and 
burns  on  the  surface  of  the  palladium,  the  flame  continuing  until  all  the 
gas  has  been  set  free.  Again,  if  a  similarly  charged  wire  Ije  placed 
under  the  receiver  of  an  air-pump  and  the  air  exhausted,  the  hydrogen 
is  completely  liberated  in  its  ordinary  gaseous  condition.  • 

In  order  to  complete  this  account  of  hydrogenium,  it  is  only  neces- 
sary to  mention  that  its  density  is  stated  to  be  nearly ,2,  or  about  equal 
to  the  specific  gravity  of  the  metal  magnesium ;  but  the  means  by  which 
Professor  Graham  has  arrived  at  this  result,  though  very  ingenious,  are 
so  unsatisfactory  that  we  must  take  this  estimate  as  being  a  mere  ai)- 
proximation  to  the  truth.  In  all  probability  we  must  wait  for  the  accu- 
rate determination  of  the  specific  gravity  of  hydrogenium  until  the  metal 
itself  will  have  been  isolated  in  a  pure  condition. 

Thus,  in  the  course  of  this  lecture,  we  have  liberated  hydrogen,  '*« 
a  gas,^^  from  water,  and  in  this  condition  have  studied  some  of  its  projw 
ties.  Again,  we  have  made  this  remarkable  element  alloy  itself  with 
palladium ;  and  when  thus  appearing  in  the  guise  of  '*  a  metal/'  we  have 
noted  the  chief  phenomena  it  gives  rise  to.  And  now,  like  the  bird 
from  its  cage,  we  will  set  free  this  hydrogen  from  its  prison-house  of 
palladium,  and  let  it  mingle  with  the  mighty  aerial  ocean  in  which  we 
live  and  move.  • 


A  LECTURE  OX  THE  JDENTIFICATIOX  OF  THE  ARTISAN  AND  ARTIST. 


By  Cardinal  Wiseman. 


[In  tho  spring  of  1852  an  association  was  formed  by  the  Catholics  of  Manchester  and 
Salford,  in  England^  to  raise  funds  for  the  education  of  the  poor.  The  committee,  in 
aid  of  this  purpose,  invited  Cardinal  Wiseman  to  deliver  an  address  upon  some  literary 
sabject  of  general  popular  interest.  The  invitation  was  accepted,  and  the  following 
admirable  address,  for  a  copy  of  which  we  are  indebted  to  a  friend,  was  delivered  in  the 
Com  Exchange,  Manchester.  We  have  thought  that  a  more  general  diffusion  of  it 
would  be  acceptable  to  those  who  are  interested  in  the  establishment  of  schools  of  art 
in  this  country,  -and  accordingly  have  given  it  a  place  in  this  report. — J.  H.] 

Ladies  and  Gentlemen:  I  ought  certainly  to  commence  my  address 
to  you  by  thanking  you  for  the  extremely  kind  manner  in  which  you 
have  been  pleased  to  receive  me;  but  I  feel  that  I  must  not  waste  your 
time  in  mere  expressions  of  a  personal  character,  feeling  rather  that  I 
shall  have  to  tax  your  time  and  your  attention  to  a  considerable  extent. 
I  will,  therefore,  enter  at  once  upon  the  projiosed  subject  of  my  address, 
which  has  already  been  communicated  to  you  by  my  old  and  excellent 
friend,  the  Bishop  of  Salford.  And  I  am  sure  I  need  not  say,  for  he 
already  has  well  expressed  it  to  you,  that  it  is  a  topic  which  at  the  mo- 
ment has  engaged  its  full  share  of  public  attention,  as  drawing  to  itself 
the  interest  of  all  the  educated  classes,  and  it  is  in  fact  a  topic  connected 
with  important  questions,  the  solution  of  which  may  have  to  exert  an 
important  influence  not  only  on  our  social  but  likewise  on  our  moral 
jirogress. 

The  topic  on  which  I  have  to  address  you,  then,  is  the  connection 

OB  RELATION  BETWEEN  THE  ARTS  OF  PRODUCTION  AND  THE  ARTS  OF 
DESIGN. 

By  the  arts  of  production,  I  mean  naturally  those  arts  by  which  what 
is  a  raw  material  assumes  a  form,  a  shape,  a  new  existence,  adapted  for 
some  necessity  or  some  use  in  the  many  wants  of  life.  Such  is  pottery; 
such  is  Ciirving  in  its  various  branches,  whether  applied  to  wood  or  to 
stone;  such  is  the  working  of  metals,  whether  of  gold  or  silver  or  brass 
or  iron;  such  is  the  production  of  textile  matters,  of  objects  of  whatever 
sort  and  for  whatever  purpose;  such  is  construction  in  its  different 
branches,  commencing  with  the  smallest  piece  of  furniture,  and  ascend- 
ing to  a  great  and  majestic  edifice.  By  the  arts  of  design,  I  understand 
those  w  hich  represent  nature  to  us  in  any  form,  or  which  bring  before 
us  beauty,  whether  in  form  or  in  color. 

Now,  these  arts  ought,  as  every  one  agrees,  to  be  in  close  harmony 
one  with  the  other;  but  that  harmony  which  I  wish  to  establish  between 
them  must  be  an  honorable  union,  an  equal  compixct,  a  noble  league. 
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There  is  not  to  bo  one  the  servant,  and  the  other  the  master;  e^cli  mnt 
be  aware  of  the  advanta*;^es  which  it  can  receive  as  well  as  those  which 
it  can  confer.    Thus  the  arts,  for  instance,  of  desi^,  will  have  to  "five 
elegance  of  form,  grace  of  outline,  beauty  of  ornament,  to  that  which  « 
produced  by  the  other  class  of  arts;  and  they  in  their  turn  have  to  trans- 
mit and  multiply  and  perpetuate  the  creations  of  the  arts  of  desij^n. 
Now,  it  is  agreed  on  all  hands  that  as  yet  this  complete  harmony  does 
not  exist;  that  we  have  far  from  arrived  at  that  mutual  application  of 
the'one  class  to  the  other  which  gives  us  a  satisfactory  result    It  i* 
unnecessary,  I  believe,  to  bring  evidence  of  this.     As  we  procet^,  I 
trust  that  opportunities  will  present  themselves  of  bringing  before  yoa 
authorities  for  that  assertion.    But  I  may  say,  at  the  very  outset,  that 
the  report  which  is  published  by  the  department  of  practical  art  is 
almost  based  upon  the  acknowledgment  that  as  yet  we  have  not  attained 
that  application  of  the  arts  of  design  to  the  arts  of  production  which  we 
desire,  and  which  is  most  desirable  to  the  arts  of  production  to  obtain. 
It  acknowledges  the  existence  of  a  necessity'  for  much  more  instniction 
than  has  yet  been  given.    It  allows  that  for  several  years — thirteen 
years,  at  least — of  the  existence  of  schools  of  design  they  have  not  been 
found  fully  to  attain  their  purpose,  and  a  new  organization  and  a  new 
system  has  now  begun  to  be  adopted.    No  one  can  appreciate,  I  tmst, 
more  than  I  am  inclined  to  do  myself,  the  advantages  which  must  result 
from  the  multiplication  of  these  schools  of  design  as  applied  to  manu- 
foctures,  and  other  great  improvements  which  they  have  already  bejrnn 
to  confer,  and  will  continue,  no  doubt,  still  more  to  bestow  upon  the 
industrial  classes.    I  believe  it  most  important  to  propjigat^?  to  the 
utmost  the  love  of  science,  the  love  of  art.    I  believe  it  most  useful  to  at- 
cmtom  every  child  to  its  first  rudiments^  its  elementary  states,     I  think,  if 
we  can  make  drawing  a  part  of  universal  education,  a  great  deal  will  be 
gained.    But  this,  certainly,  cannot  be  enough.     I  am  willing  to  grant 
that  we  shall  have  a  great  improvement  upon  what  we  have  produced 
in  the  form  of  art.    I  believe  that  we  shall  see  better  designers;  mea 
with  better  imaginations;  men  who  understand  the  harmony  and  com- 
bination of  colors  better,  and  who  can  give  to  the  artisans  patterns 
which  will  greatly  improve  every  department  of  our  industry.     But,  I 
ask,  is  that  sufficient!    Will  this  bring  art  up  to  what  we  desire f    This 
is  the  great  question.    This  is  the  subject  of  which  I  am  going  to  treat 
It  appears  to  me  that  there  is  a  very  simple  mode  of  looking  at  it;  and 
it  is  the  one,  consequently,  which  I  shall  adopt.    It  is  a  question  partly 
of  experience.    It  is  a  lesson  much  of  which  history  can  teach  us;  and 
I  desire  (o  bring  before  you  such  facts  as  seem  to  mo  to  bear  uiwn  the 
question,  and  to  enable  us  to  come  to  a  practical  and  satisfactory  con- 
clusion.   I  will  endeavor  to  state  the  question  under  a  very  simple^  but, 
perhaps  it  may  appear,  not  a  very  practical  forml 

There  is  now  a  great  desire  to  form,  not  only  in  the  capital,  but  also 
in  all  great  cities  where  industry  prevails,  museums,  which  should 


IDENTIFICATION    OF   THE   ARTISAN   AND   ARTIST.  303 

oontain  all  the  most  perfect  specimens  of  art  antiquity  in  every  a^e  has 
l(»ft  us  of  beauty  in  design  and  elegance  in  form.     We  wish  tliat  our 
artisans  should  have  frequently  before  them  what  may  be  considered  not 
merely  actual  models  to  copy,  but  likewise  such  objects  as  may  j:^radually 
impress  their  minds  with  feelings  of  taste,    ^ow,  I  should  like  to  have 
the  construction,  the  forming,  of  such  a  museum.    And,  in  describing 
it,  I  will  confine  myself  entirely  to  one  small  department — that  of  classi- 
cal art,  classical  antiquity — because  I  know,  that,  for  a  museum  in- 
tended to  be  practical  to  the  eyes  of  artisans,  there  is  a  far  wider  range 
of  coHection  to  be  taken  than  that  to  which  I  will  confine  myself.     Well, 
now  I  imagine  to  myself  a  hall  at  least  as  large  as  this,  and  of  a  more 
elegant  and  perfect  architecture.    I  will  suppose  it  to  be  formed  itself 
upon  chissical  models;  and  around  it  shall  be  ranged,  not  merely  plaster 
casts,  but  real  marble  statues  and  busts  collected  from  antiquity.    I 
would  range  them  round  the  throne  so  that  each  could  be  enjoyed  at 
leisure  by  the  student.    There  should  be  room  for  the  draughtsman  to 
take  a  copy  from  any  side.    In  the  center  I  would  spread  out  a  beautiful 
mosaic,  such  as  we  find  in  the  museums,  for  instance,  of  Rome,  a  pave- 
ment in  rich  colors,  representing  some  beautiful  scene,  wiiich  should  be 
most  carefully  railed  off,  that  it  might  not  be  worn  or  soiled  by  the  pro- 
fane tread  of  modern  men.    There  should  be  cabinets  in  which  there 
should  be — but  inclosed  carefully  with  glass,  so  that  there  would  be  no 
danger  of  accidents — the  finest  specimens  of  the  old  Etruscan  vases,  ot 
every  size,  of  every  shape,  plarn  and  colored,  enri(ihed  with  those  beau- 
tiful drawings  upon  them  which  give  them  such  rich  characters,  and  at 
the  same  time  such  price  ;  and  on  one  side  I  would  have  collected  for  you 
some  specimens  of  the  choicest  products  of  the  excavations  of  Hercula- 
neum.  There  should  be  bronze  vessels  of  the  most  eleijant  form  and  the 
most  exquisite  carving,  and  there  should  be  all  sorts  even  of  household 
utensils,  such  as  are  found  there,  of  most  beautiful  shape  and  exquisite  fin- 
ish. On  the  walls  I  would  have  some  of  those  paintings  which  have  yet  re- 
mained almost  unharmed  after  being  buried  for  so  many  hundred  of  years, 
and  which  retain  their  freshness,  and  would  glow  upon  your  walls,  and 
clothe  them  with  beauty,  and  at  the  same  time  with  instruction.    And 
then  I  would  have  a  most  choice  cabinet,  containing  medals  in  gold  and 
silver  and  bronze,  of  as  great  an  extent  as  possible,  but  chiefly  selected 
for  the  beauty  of  their  workmanship;  and  engraved  gems  likewise, 
every  one  of  which  should,  if  possible,  be  a  treasure.    Xow,  if  such  a 
museum  could  be  collected,  you  would  say,  I  am  sure,  that  so  far  as 
classical  antiquity  goes — classical  art — you  have  everything  that  you 
could  desire,  and  you  have  as  noble,  as  splendid,  as  beautiful  a  collection 
of  artistic  objects  as  it  is  within  the  reach  of  modern  wealth  and  influence 
to  collect.    In  fact,  you  would  say,  if  you  could  not  make  artists  now  by 
the  study  of  these  objects,  it  wsis  a  hopeless  matter,  because  here  was 
everything  that  antiquity  has  given  us  of  the  most  beautiful. 
Now,  I  am  afraid  that,  while  you  have   been  following  me  in  this 
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formation  of  an  ideal  museum,  you  have  thought  it  required  a  sreat 
stretch  of  imagination  to  suppose  it  possible  that  such  a  collection  could 
be  made  in  any  city  of  England.    I  will  ask  you,  then,  now  to  spread 
your  wings  a  little  more,  and  fly  with  me  into  even  a  more  imaginary 
idea  than  this.    Let  us  suppose  that  by  some  chance  all  these  objects 
which  we  have  collected  were  at  some  given  period,  in  the  first  a^nturr 
of  Christianity,  collected  together  in  an  anci(5nt  Roman  house;  and  let 
us  suppose  that  the  owner  of  the  house  suddenly  appeared  among  us, 
and  had  a  right  to  claim  back  all  these  beautiful  works  of  art  which  we 
so  highly  prize,  which  we  have  taken  so  much  trouWe,  and  laid  out  so 
much  money,  to  collect.    Now,  what  does  he  do  with  them  when  he  has 
got  them  back!    What  will  he  do  with  these  statues  which  we  have  been 
copying  and  drawing  and  admiring  so  much!    Pliny  finds  great  fault, is 
very  indignant  with  the  people  of  his  age,  because  he  says  they  have 
begun  to  form  galleries,  pinncothecas  ;  that  such  a  thing  was  unknown 
before;  that  no  real  Roman  should  value  a  statue  merely  as  a  work  of  art, 
but  that  it  was  only  as  the  statue  of  his  ancestors  that  he  ought  to  value 
them.    And  thus  that  Roman  looks  at  them  as  nothing  else.     He  takes 
them  back ;  he  puts  the  best  of  them,  not  in  the  center  of  a  room  where 
it  maj'  be  admired;  but  to  him  it  is  a  piece  of  household  furniture,  and 
he  puts  it  with  all  its  fellows  into  the  niches  from  which  they  have  been 
taken,  and  where  they  are,  perhaps,  in  a  very  bad  light.     It  is  exceed- 
ingly probable  that  if  the  statues  were  not  of  his  ancestors,  he  would, 
instead  of  allowing  them  to  remain  in  the  beautiful  hall  prepared  for 
them,  send  them  into  his  garden,  into  his  villa,  to  stand  out  in  the  open 
air,  and  receiv^e  all  the  rain  of  heaven  upon  them.    The  mosaic  which  we 
have  valued  so  much,  and  which  is  so  wonderful  a  piece  of  work,  he  will 
put  most  probably  into  the  ]>arlor  of  his  house  to  be  trodden  under  foot 
by  every  slave  that  comes  in  and  goes  out.    And  now  he  looks  about 
him  at  that  wonderful  collection  of  beautiful  Etruscan  vase«  which  we 
have  got  together,  and  he  recognizes  them  at  once:   "Take  that  to  the 
kitchen;  that  is  to  hold  oil:"  "Take  that  to  the  scullery;  that  is  for 
water:"  "Take  these  plates  and  drinking-cups  to  the  pantry;  I  shall 
want  them  for  dinner."    And  those  smaller,  those  beautiful  vessels,  which 
yet  retain  as  they  do  the  very  scent  of  the  rich  odors  which  were  kept 
in  them,  "Take  them  to  the  dressing-rooms;  those  are  what  we  want 
on  our  toilet.  This  is  a  washing-btisin  which  I  have  been  aecustomed  to 
use.    What  have  they  been  making  of  all  these  things,  to  put  them  under 
glass,  and  treat  them  as  wonderful  works  of  art."    And,  of  those  beau- 
tiful bronze  vessels,  some  belong  again  to  the  kitchen,  others  belong  to 
our  furnished  apartments ;  but  every  one  of  them  is  a  mere  household 
piece  of  furniture.    And  then  he  looks  into  the  beautiful  cabinet;  and 
he  sends  those  exquisite  gems  into  his  rooms,  to  be  worn  by  his  family, 
as  ordinary  rings.    And  your  gold  medals  and  silver  medals  and  bronze 
medals  he  quietly  ])uts  into  his  purse ;  for,  to  him,  they  are  common  money. 
"Sov^j  then,  here  we  have  made  a  collection  of  n^agnificent  productions 
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of  art';  and,  in  reality,  tbese  were  all  tbe  fruits  of  the  arts  of  produc- 
tion. 

Now,  what  are  we  to  say  to  this?  We  are  to  say  that  there  was  a  period 
in  MmnCj  and  there  were  similar  periods  in  other  countries  at  different  times^ 
TV'beu  there  was  no  distinction  between  the  arts  of  production  and  the 
art  of  design;  but  those  very  things,  which  to  us  now  are  objects  of  ad- 
miration as  artistic  work,  were  then  merely  things  made  and  fashioned 
as  we  see  them  for  the  ordinary  uses  to  which  we  adapt  other  things  of 
perhaps  similar  substances,  but  of  a  very  different  form.    For,  in  fact, 
if  you  had  these  vessels,  you  would  not  know  what  to  do  with  them. 
We  could  not  cook  a  dinner  in  them.    We  certainly  could  not  adapt 
them  to  our  common  wants.    But  to  the  Eomans  they  were  the  very 
objects  which  were  used  for  those  purposes ;  and  although  now,  in  read- 
ing the  old  writers,  and  trying  to  make  out  the  dreadfully  hard  names 
by  which  all  these  different  pieces  of  pottery  are  called,  yet,  learned  and 
classical  as  all  that  may  be,  when  we  come  to  translate  these  high- 
sounding  Greeks  names  into  English,  we  get  very  modest  results — pip- 
kins and  b<asins  and  ewers  and  f  agons,  and  such  homely  names  as  these. 
Now,  where  is  the  art  there  f    Is  it  that  these  were  designed,  do  you 
think,  by  some  man  of  great  reputation ;  and  then  that  they  were  all  care- 
fully copied,  exactly  imitated,  from  liis  design  ?    Oh,  certainly  nothing  of 
the  sort.    The  art  that  is  in  these  beautiful  things  is  a  part  of  themselves ; 
is  bestowed  upon  them  in  their  fabrication.  You  may  take  the  Etruscan 
vase,  and  you  may  scratch  away  from  it,  if  you  please,  every  line  which 
had  been  traced  by  the  pencil  of  the  embellisher  upon  it;  and,  after  that, 
the  seal  of  beautiful  design,  grace,  and  the  elegance  of  true  art  are 
so  stamped  upon  it,  that,  if  you  wish  to  remove  them,  you  must  smash 
the  vase.    It  is  inherent  in  it;  it  was  created  with  it. 

Theu  what  I  fancy  is  desired  is,  that  we  should  bring  art  back  to  that 
same  state  in  which  the  arts  of  design  are  so  interwoven  with  the  arts 
of  production  that  the  one  cannot  be  separated  from  the  other,  but 
everything  which  is  made  is  by  a  certain  necessity  made  beautiful.  And 
this  can  only  be  when  we  are  able  to  fill  the  minds  of  our  artisans  with 
true  principles,  until  really  these,  have  pervaded  their  souls,  and  until 
the  true  feeling  of  art  is  at  their  fingers^  ends.  You  will  see,  I  think,  from 
the  example  which  L  have  given  you,  what  is  the  principle  at  which  I 
am  aiming;  which  I  wish  to  establish.  It  is  this:  That  at  any  period  in 
which  there  has  been  a  really  close  union  between  the  arts  of  production 
and  the  arts  of  design,  this  has  resulted  from  the  union  in  one  person  of  the 
artist  and  the  artisan. 

Such  now  is  the  principle  tUat  I  am  going  to  develop;  and  in  doing 
so  I  will  distinguish  between  arts  of  production  belonging  to  two  dis- 
tinct classes.  There  are  those  in  which  necessarily  there  is  manipula- 
tion— the  use  of  the  hand,  or  of  such  implements  as  the  hand  directly 
employs ;  and  there  are  those  in  which  mechanical  ingenuity  is  employed 
in  the  art  of  production.    It  is  clear  that  these  two  must  be  treated 

distinctly;  and  I  will  begin  with  the  first,  \v\i\c\i  «itto\:<\^  W\^  \l,\^vv\fe'^\> 
20  8 
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number  of  illustrations  and  examples,  in  proof  of  that  principle  wMdi  1 
have  laid  down. 

I  will  begin  first,  then,  with  illustrations  from  metal  work.  Now,tbc 
period  in  which  there  was  the  greatest  perfection  in  this  sort  of  vort 
as  is  universally  acknowledged,  is  from  about  the  foorteenth  century— 
1300, 1  think  to  1600,  or  at  least  after  1500.  It  is  singular  that,  in  that 
period,  five  at  least,  very  probably  more — but  we  have  it  recorded  of  five 
of  the  most  distinguished  sculptors  whose  works  are  now  the  most  highly 
prized,  that  they  were  ordinary  working  goldsmiths  and  silver8aiitt& 
This  ia given  us  in  their  respective  biographies:  Benvenuto  Cellini,  Loo 
della  Bobbia,  Lorenzo  Ghiberti,  Brunelleschi,  and  Baccio  Bandinelli,  all 
of  whom  were  goldsmiths  and  workers  at  first,  developed  most  extra- 
ordinary talent  as  sculptors.  How  was  this  done  f  Can  we  conceive  a 
person  who  is  merely  a  workman,  working  upon  such  plate  as  i^  pet 
before  him,  becoming  a  man  of  high  first-class  character  in  art!  Therp 
have  been  examples,  but  they  are  rare.  But  here  we  have  five  men,  in  a 
limited  period,  becoming  most  eminent.  I^ow,  what  was  the  reason  of 
that?  It  was  because  the  jeweler,  the  silversmith,  who  worked  with  his 
hands,  was  educated,^  not  only  as  an  artist,  but  an  artist  of  the  highest 
class;  and  Yasari  observes,  in  the  life  of  Bandinelli,  that  in  those  tim€» 
no  man  was  reputed  a  good  goldsmith  who  was  not  a  good  draughtsman, 
and  who  could  not  work  as  well  in  relief.  We  have  a  principle  then 
established,  that  the  person  who  did  the  material  work  in  the  finer  works 
was  an  artist,  who  could  not  only  draw,  but  model,  and  did  the  same  with 
the  metal  itself;  for  that  is  the  nature  of  that  class  of  wcxrk  of  which  I 
have  spoken. 

Now,  take  the  life  of  Cellini.    Here  was  a  man  who  originally  was  pat 
to  a  totally  different  employment.    His  father  had  no  higher  ambition 
concerning  him  than  that  he  should  become  a  great  player  upon  the 
flute ;  and  he  teased  him  during  all  the  last  years  of  his  life  because  he  hnd 
no  taste  for  this,  and  would  run  after  goldsmiths  and  others,  and  learn 
the  different  branches  of  their  profession.    He  led  the  most  wonderfni 
life.    He  was  to  day  at  Rome;  next  day  at  Florence;  then  he  was  at 
Naples;  then  at  Venice;  then  in  France;  then  back  again :  that  hecoaki 
have  done  any  work,  in  fact,  seems  incredible  to  any  one  who  reads  hi* 
life.    And  he  did  not  travel  by  train  or  any  public  conveyance  which 
could  take  on  his  luggage.    He  traveled  on  horseback  each  time,  from 
Rome  all  the  way  to  Paris.    He  had  no  luggage;  he  was  a  poor  man. 
and  whenever  he  came  and  started  his  shop,  he  began  by  making  his 
own  tools;  and  he  worked  with  his  scholars,  who  were  generally  young 
men  that  became  themselves  eminent  in  the  profession,  in  a  little  open 
shop,  looking  to  the  street;  there  he  himself  hammered  and  carved  and 
cast  and  shaped,  and  did  whatever  else  was  necessary  for  the  work.  He 
was  an  actual  working  goldsmith ;  and  the  beauty  of  his  works  consists 
in  this,  that  they  have  the  impress  of  genius  so  marked  upon  them,  that 
they  never  could  hav^  been  designed  by  one  person  and  executed  by  an- 
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other.  There  is  as  much  art  in  the  finish  by  his  own  hand,  in  every 
enamel,  in  the  setting  of  every  stone,  as  there  is  in  the  entire  design  ; 
nor  does  he  ever  dream  of  talking  of  himself  in  any  other  way  j  and  yet  how 
he  went  on  from  step  to  step,  until  at  length  he  produced  the  most  mag- 
nificent works,  on  the  largest  scale,  in  marble  and  in  bronze!  He  describes 
how  he  constructed  his  own  Perseus.  He  went  to  buy  his  own  wood, 
and  saw  it  brought;  and  when  he  was  casting  that  most  exquisite  statue 
of  Perseus,  which  is  still  one  of  the  wonders  of  art,  he  had  every  sort  of 
misfortune.  His  furnace  blew  up,  the  roof  was  blown  ofi,  and  the  rain 
came  in  torrents  upon  the  fire  just  the  moment  that  the  metal  was  going  to 
be  poured  in.  By  his  ingenuity,  his  extraordinary  contrivances,  he  baffled, 
it  might  appear,  the  whole  chain  of  accidents,  and  brought  out,  almost 
without  a  flaw,  that  most  perfect  piece  of  workmanship.  You  may 
imagine  to  what  a  state  he  was  reduced,  when,  the  very  moment  that 
the  metal  was  ready  for  pouring  out,  the  explosion  took  place.  He  had 
no  other  resource  but  to  run  to  his  kitchen,  as  he  says,  and  to  take  every 
piece  of  copper,  to  the  amount  of  two  hundred  porringers  and  di£fereut 
sorts  of  kettles,  and  throw  them  into  the  fire;  and  from  these  that  splen- 
did statue  came  forth.    There  was  genius. 

As  a  curious  instance  of  the  most  extraordinary  ingenuity,  he  tells  us 
that  on  one  occasion  a  surgeon  came  into  his  shop  to  perform  an  ojiexa- 
tion  on  the  hand  of  one  of  his  pupils.  (7pon  looking  at  his  instruments, 
he  found  them,  as  they  were  in  those  days,  so  exceedingly  rude  and 
clumsy,  that  he  said,  ^^  If  you  will  only  wait  half  an  hour,  I  will  make  you  a 
better  instrument;"  and  he  went  into  his  workshop,  and  took  a  piece  of 
steel,  and  brought  out  a  most  beautifully  finished  knife,  with  which  the 
operation  was  successfully  performed,  Now  this  man,  at  the  time  you 
see  him  thus  working  in  his  shop  as  a  common  workman,  was  modeling 
in  the  most  exquisite  manner  in  wax;  spending  his  evenings  in  the  pri- 
vate apartments  of  the  Grand  Duke,  modeling  in  his  presence,  and  assist- 
ing hira  with  a  hundred  little  trifles  which  are  now  considered  treasures 
of  art.  And  so  wherever  he  was,  and  under  all  circumstances,  he  acted 
as  an  artist,  but  at  the  same  time  as  a  truly  laboriug  artisan.  It  was  the 
same  with  others  in  the  same  profession.  He  was  not  the  only  man,  by 
any  means,  whose  genius  was  so  universal;  because  we  find  him  telling 
us  repeatedly  that  the  moment  he  heard  of  some  goldsmith  (and  in  those 
days  a  goldsmith  was  really  an  artist,  as  I  have  already  said)  who  excelled 
in  any  particular  branch  of  art,  he  determined  to  excel  him.  Thus  it 
was  that  he  grew  to  rival  the  medals  of  one,  the  enamels  of  another,  the 
peculiar  manner  of  putting  foil  to  precious  stones  of  another;  and,  in 
fact,  there  was  not  a  branch  of  art  which  he  did  not  consider  it  his  duty 
to  excel  in.  With  this  spirit,  is  it  wonderful  that  men  of  really  great  taste 
should  have  been  produced  I  men  who,  you  observe,  looked  upon  every 
branch  of  productive  art  as  really  a  branch  of  the  higher  art  of  design ; 
and  thus  in  their  own  persons  combined  that  art  with  the  power  of  the 
tool;  were  artists  as  well  as  artisans. 
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There  is  another  celebrated  jeweler  of  that  time,  whom  he  mentions 
frequently,  of  the  name  of  Antonio  Foppo,  a  Milanese,  whois.bett^ 
known  in  the  history  of  art  by  a  name  which  he  received  in  deriaon 
in  Spain,  the  name  o^  Capodursa,  which  means  a  bear's  face,  and  whick 
he  is  known  by,  commonly,  in  works  of  art..     Cellini  describes  to  v» 
the  processes  by  which  he  produces  his  works ;  and  they  are  so  careful, 
and  require  such  accurate  knowledge  of  art,  that  his  knowledge  mast 
have  been  very  superior  indeed  in  the  arts  of  design.    As  an  instance  of 
what  was  the  latitude  and  the  extent  of  art,  and  how  really  a  jeweler 
or  goldsmith  in  those  days  was  not  above  work  which  in  onr  days  no 
one  would  dare  offer  to  a  person  of  such  a  profession,  we  have  a  case 
recorded  in  the  history  of  one  of  the  painters,  Pieriuo  del  Vaga,  by 
Vasari,  speaking  of  a  very  particular  friend  of  Pierino^s,  a  goldsmith. 
When  the  Grand  Duke  of  Tuscany  was  building  his  palace,  he  gave  to 
this  man  a  commission  to  make  the  metal  blinds  for  the  ground  floor 
of  that  palace;  (and  it  is  considered  a  great  pity  that  a  work  of  so 
homely  a  nature  should  have  i>erished,  because  there  can  be  no  donbt 
whatever  that  it  was  a  work  of  exquisite  beauty.)    So  that,  even  npon 
what  would  be  considered  the  lowest  stage  of  common  production, 
the  artist  did  not  feel  it  was  beneath  him  to  design;  not  to  give  a  d^ 
sign  to  others,  but  to  execute  it  himself.    We  have  in  the  collections, 
particularly  of  Italy,  in  the  palaces,  evident  proofs  of  the  great  extent  to 
which  this  combination  of  various  arts  must  have  been  carried,  in  works 
exceedingly  complicated,  extremely  beautiful,  and  at  the  same  time 
necessarily  requiring  a  great  deal  of  ability  to  execute.    Those  are  the 
rich  cabinets  in  which  may  be  found,  mixed  together,  work  in  marble, 
and  in  ivory,  in  wood,  in  metals,  in  enamel,  and  in  i>ainting',  all,  com- 
bined together  by  one  idea,  and  all  executed  by  one  hand,  but  of  die 
authors  of  which  it  seems  impossible  to  find  any  good  trace.    Ther 
probably  were  produced  by  those  men  called  goldsmiths,  and  who,  as  1 
said  before,  could  work  as  well  upon  any  of  those  substances,  and  thus 
bring  them  harmoniously  to  form  one  beautiful  whole. 

Now,  proceeding  from  what  is  most  precious  in  art  to  what  is  more 
homely,  let  us  return  for  a  moment  to  a  subject  on  which  I  have  al 
read}'  touched.    I  have  spoken  of  the  beauty  of  the  productions  of  an^ 
tiquity  in  metal,  which  were  found  in  the  excavation  particularly  of  those 
two  buried  museums,  as  we  may  call  them,  of  antiquity,  Pompeii  and 
Herculaneum.    The  collection  of  these  is  chiefly  in  Naples.    Except 
where  presents  have  been  made  to  other  countries,  they  have  been 
jealously  kept  together.    Now,  these  different  objects  have  not  been 
dug  out  of  temples  or  out  of  palaces,  but  they  have  been  taken  out  o( 
every  soi*t  of  house-^houses  evidently  belonging  to  the  citizens— 
and  I  think  you  may  see  that  there  is  not  one  in  that  ooUectimi  which 
does  not  immediately  arrest  the  eye  both  by  the  beauty  of  form  and  bj 
its  exquisite  fancy.    Many  of  them  have  been  engraved  in  the  publica- 
tion called  the  ^'Mviiseo  Botbovivwi^  Iha  Bouxbon  Museum,  the  Museam 


IDENTIFICATION   OF   THJS    ARTISAN   AND   ARTIST.  309 

of  Naples;  and  I  tbiuk  very  justly  the  remark  is  made  by  the  editor  in 
the  fifth  volume,  that  the  whole  modern  civilized  world,  however  vast  it 
may  be,  and  however  it  may  labor  in  so  many  arts  and  so  many  trades, 
does  not  and  cannot  exhibit  even  a  small  proportion  of  that  elegance 
aud  ornament,  varied  in  a  thousand  ways,  and  in  innumerable  most 
fantastic  modes,  which  are  to  be  admired  in  the  remains  of  furniture 
found  in  Pompeii  and  Herculaneum — two  cities  which  occupied  so  in- 
significant a  place  in  the  ancient  world.    That  is  quite  true.    Kow, 
what  are  we  to  infer  from  thisf    There  can  be  no  doubt,  as  I  have  said, 
on  examining  these  beautiful  objects,  that  they  have  been  for  common 
use.    There  are  scales,  steelyards,  which  can  only  have  been  made 
to  weigh  provisions;  the  chains  are  most  delicately  worked;  the  weight 
is  frequently  a  head  with  a  helmet,  most  beautifully  chiseled;  and  so 
genuine  and  true  are  these,  so  really  intended  for  everyday  use,  that 
one  of  them  has  stamped  upon  it  yet,  the  authentication  made  at  the 
capitol  of  the  weights  being  just.    This  was  a  steelyard  which  was  in 
the  kitchen,  and  it  was  for  the  ordinary  purposes  of  the  house.    There 
are  other  large  vessels  which  must  have  served  for  culinary  purposes, 
and  of  which  the  handles  and  the  rings  and  the  different  parts  are  fin- 
ished far  beyond  what  the  finest  bronzes  that  are  made  now  in  Paris  can 
equal.    What  are  we  to  conclude?    You  do  not  suppose  these  were  the 
designs  of  the  Flaxmans  and  the  Baileys  of  that  day.  Who  ever  heard  of 
a  great  artist  in  Pompeii  and  Herculaneum  ?    And  how  can  you  imagine 
that  every  house  furnished  itself  with  what  were  considered  exquisite 
and  extraordinary  specimens  of  art  for  the  use  of  their  every-day  life? 
And  then,  where  are  their  common  utensils,  if  these  are  not  they?    If 
these  lamps  were  not  what  they  burnt,  if  these  candelabra  were  not  the 
shafts  upon  which  they  were  hung,  if  these  vessels  were  not  those  in 
which  they  prepared  their  viands,  where  are  those?    Were  they  carried 
away  in  the  flight?    But  the  most  precious  would  surely  be  carried 
away,  and  the  commoner  be  left  behind.    Nothing  of  the  sort.    One 
may  see  here  everything  is  to  be  found ;  and  everything  is  beautiful  in 
shape,  and  generally  in  finish.    What  are  we  to  conclude?    Why,  noth- 
ing less  than  that  the  braziers  who  made  these  things  were  able  to 
make  them.    They  came  from  the  hands  of  the  brass-founder;  they 
have  been  chiseled  in  the  workshop ;  they  ha\iB  been  finished,  not  to 
be  put  up  in  cabinets,  but  in  order  to  be  knocked  about  by  servants. 
Then  here  we  have  a  state  of  art  in  which  the  producer,  the  man  who 
makes,  who  manipulates,  who  handles  the  object  of  manufacture  which 
he  produces,  was  able  to  do  what  now  defies  almost  our  most  superior 
workmen. 

Now  let  us  go  to  another  part  of  the  world,  and  come  to  a  later 
period.  Nuremberg,  during  the  time  which  I  have  specified — between 
1300  and  the  middle  of  1500 — was  a  center  of  art,  aud  especially 
in  all  metal  work.  There  is  an  observation  of  Hofiman,  a  German 
writer,  that  Nuremberg  was  the  city  in  which  the  artist  and  the  crafts^ 
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man  walked  most  harmonioasly  hand  in  hand ;  bat  I  think  he  does  nol 
go  far  enoagh ;  he  ought  to  have  said  that  it  was  a  city  in  which  the  arti- 
san and  the  artist  were  the  most  perfectly  combined.    At  a  very  early  period^ 
that  is,  as  early  as  1355,  there  was  produced  a  piece  of  work  such  as  is  at 
this  day  the  admiration  of  all  artists.    And  what  was  it?    It  was  a  mere 
well,  a  fountain  in  the  public  square ;  ^'  the  beautiful  fountain,"  "  the  beau- 
tiful well,"  as  it  is  to  this  day  most  justly  called.    Now,  this  was  made  en- 
tirely by  the  designer,  by  the  artist  himself,  Hofer,  who  united  in  himsdi 
these  two  qualities;  and  it  is  acknowledged  that  in  the  treatment  of  the 
metal  work,  and  in  the  beauty  of  the  religious  images  which  surround  this 
fountain,  but  few  steps  have  been  made  in  art  since  that  time.    And  he, 
as  I  observed,  was  a  mere  workman ;  he  did  his  own  work.    At  a  lat» 
period — at  what  is  considered  the  third  period  of  art,  in  Nuremberg- 
there  is  another  remarkable  piece  of  metal  work;  and  I  am  glad  to 
find  that  in  the  last  report  just  published  by  the  department  of  practi- 
cal art,  Mr.  Smirke  has  introduced  a  letter  in  which  he  begs  that  this 
piece  of  workmanship,  which  he  calls  one  of  the  most  celebrated  pro- 
ductions in  metal,  may  be  copied  by  casts,  and  brought  to  England  as  a 
specimen  of  art.    Now  that  beautiful  production  was  of  as  early  a 
period  as  1506;  it  was  made  between  1506  and  1519,  and  it  is  the 
shrine  of  St.  Sebald,  in  his  church  at  Nuremberg;  an  exquisite  piece  of 
work — so  beautiful,  so  elegant,  as  that  no  iconoclasm  had  dared  to  touch 
it  (though  I  must  say  that  Nuremberg  had  been  preserved  from  the  n- 
proach  of  that  error) — but  there  it  is,  in  its  freshness  and  it«  beauty 
as  it  came  from  the  artist's  hand;  in  the  center,  a  shrine  of  silver,  in 
which  is  the  body  of  the  saint,  and  around  it  what  may  be  called  a  cage 
or  grating  of  the  most  perfect  metal  work,  and  with  statues  of  most 
exquisite  workmanship.    Now  I  do  wish  this  to  be  brought  to  England^ 
a  copy,  that  is,  of  it — not  merely  because  it  will  show  what  was  done 
in  ages  that  we  consider  hardly  emerging  from  barbarism ;  not  only  what 
beautiful  inspirations  religion  could  give  the  artist;  but  because  it  wiU 
show  to  those  who  are  trying  to  raise .  the  character  of  any  art  the  true 
principle  upon  which  alone  it  can  ever  be  raised  to  what  it  was  then.    They 
will  see  the  artist  portrayed  upon  it — Peter  Vischer ;  they  will  see  him 
with  his  apron  on;  they  will  see  him  with  his  chisel  and  his  mallet  in 
his  hand;  they  will  see  that  he  aspires  to  nothing  more  than  to  be  a 
handicraftsman,  a  workman  in  metal,  who  yet  could  conceive,  and  then 
design,  this  most  magnificent  production  of  man's  hand. 

Another  example,  something  of  the  same  sort,  we  shall  find  in  a 
neighboring  country.  There  is  at  Antwerp,  likewise,  a  beautiful  well 
near  the  cathedral;  and  if  you  ask  who  it  was  that  produced  this,  yoa 
will  hear  that  it  was  one  who  sometimes  had  been  known  as  a  painter, 
and  at  others,  under  the  more  familiar  appellation  of  the  ^^  Blacksmith 
of  Antwerp,"  as  a  blacksmith;  and  there  is  a  piece  of  iron- work  which 
I  fear  that  not  our  most  perfect  works  could  turn  out — certainly  not, 
nothing  that  could  be  com\>«te>^  nsSXXi  \v,    MA  <^\vl\1\i  Matsys  was 
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poor  school-boy,  who,  finding  the  heavy  blacksmith's  work  too  much 

for  him,  took  to  drawing  and  coloring  little  images  of  saints,  to  be 

given  out  in  processions,  and  thus  rose  to  be  a  painter  and  an  artist, 

finding  his  lirst  profession  too  heavy  for  his  strength.    But  this  iron- 

^work  is  a  work  of  art;  it  is  not  a  work  merely  cast  in  the  lump,  and 

then  put  together;  but  it  is  a  work  that  required  genius,  that  required 

great  artistic  skill;  it  shows  that  the  artist  even  worked  in  iron;  that  a 

man  who  belonged  to  the  very  lowest  branch  of  what  may  be  considered 

the  arts — laboring  in  metal — was  able,  notwithstanding,  to  imagine  and 

to  carry  out  the  most  beautiful  conceptions. 

Kow,  coming  to  modern  times,  do  we  find  anything  of  this  sort!  I 
content  myself  with  referring  to  that  last  report  which  I  have  just  men- 
tioned— of  the  department  of  practical  art.  In  that  report  there 
are  incorporated  letters  from  some  of  our  best  silver  and  goldsmiths 
upon  the  character  of  the  artistic  proficiency  of  the  workmen.  I  will 
only  read  one,  forall  in  reality  repeat  the  same  sentiment  "At  present 
we  seldom  find  an  English  workman  who  understands  drawing.  Not 
one  of  our  Euglish  workmen  has  a  knowledge  of  drawing;^  and  it  is 
said  that,  without  exception,  these  men  will  not  even  go  to  the  school. 
Attempts  have  been  made  to  bring  tkem  to  the  school  of  practical  art,  that 
they  may  learn  something  of  the  principles  by  which  the  works  in  their 
branch  of  productive  art  should  be  conducted.  They  cannot  be  induced 
to  go  and  obtain  that  information,  though  it  is  nearly,  or  entirely, 
gratuitously  given.  So  little  taste,  so  little  feeling  of  art  is  there  in 
our  workmen  now.  Can  we  expect  they  will  produce  works  that  will 
rival  those  of  ancient  times!  For  there  is  this  broad,  immense  differ- 
enoe:  in  one,  the  artist  was  the  workman;  now,  the  workman  has  only 
a  degree  of  intelligence  above  the  machinery  which  he  uses.  He  can 
apply  those  means  which  are  put  into  his  hand;  but  can  have  no  artistic 
feeling  to  give  the  last  touch,  or  even  to  bring  things  to  ordinary  perfec- 
tion. On  the  other  hand,  we  must  be  struck  with  the  difference,  that 
in  France  there  is  much  more  taste,  much  more  knowledge,  much  more 
intelligence,  in  the  actual  artificer;  the  exhibition  showed,  that,  though 
we  had  magnificent  things  in  silver-work,  and  gorgeous  objects  in 
metallic  productions,  beautiful  and  splendid,  yet,  when  you  came  to 
look  at  them  with  the  artist's  eye,  you  could  not  help  obsen  ing  the 
immense  difference  between  our  English  productions  and  those  of  France; 
though,  be  it  spoken  to  the  glory  of  our  English  goldsmiths,  they  have 
both  the  taste  and  the  generosity  and  munificence  to  bring  over  and  to 
employ  the  very  first  foreign  artists;  and  it  was  thus  we  did  produce 
some  objects  that  stood  in  competition,  not  with  those  of  the  workman's 
rivals,  but  with  those  of  his  own  countrymen. 

In  Yecht  there  is  an  example  of  what  the  artists  in  old  times  were. 
He  began  as  a  cotton-spinner ;  he  became  a  manufacturer  of  toys ;  then 
a  button-maker ;  and  then  he  began  to  work  with  the  chisel.  His  ge- 
nius developed  itself.    He  began  to  retouch  and  repair  ancient  armor, 


312  IDENTIFICATION   OF   THE   ARTISAN    AND   ABTIST. 

and  then  was  tempted,  seeing  that  these  were  things  sought  after, 'it 
appears  with  the  most  honest  intention,)  to  imitate  them ;  and  he  foond 
that  they  were  bought  and  put  in  royal  and  imperial  cabinets  as  real 
work  of  what  is  called  cinquecento.    And  then  he  imitated  tlie  shields, 
working  exactly  upon  Cellini^s  principle,  that  everything,  however  small, 
is  worked  out  separately,  and  then  fastened  together  5  that  nothing  is 
cast,  but  that  everything,  to  the  smallest  tip  of  the  least  finger,  is  Irol 
low;  and  he  worked  on,  and  produced  it  by  his  artistic  and  careful  ma 
nipulation.    He  began  to  work  this  way,  and  he  found  his  silver-work  al.«o 
became  considered  as  ancient,  and  was  adopted  into  collections  of  valoable 
antiquities.    He  then  learned  the  power  of  his  own  genius,  and  he  soon 
rose ;  and,  when  the  late  i^evolution  in  France  took  place,  he  had  com 
missions  for  works  to  the  amount  of  £60,000.    And  this  was  all  his  oim 
work,  the  production  of  his  own  hands.    However,  his  losses  were  in 
common  with  many  others  who  had  engaged  in  higher  branches  of  art. 
and  he  has  been  since  in  this  country ;  but  certainly  those  specimens  of 
his  work  which  we  had  in  the  exhibition  were  not  only  most  beaatifnl, 
but  most  exquisite  ;  and  many  persons  who  took  the  pains  to  examine 
in  detail  some  of  the  works  in  silver,  which  were  presented  by  one 
French  house  in  particular — the  Frferes  Maurice — must  have  been  stmck 
by  the  high  artistic  merit  of  them  all.    And  they  all  are  worked  entirely 
bit  by  bit  by  the  artist;  and  it  was  impossible  they  could  be  execated 
but  by  an  artist  who  could  model  as  well  as  draw,  and  who  knew  how 
to  treat  his  metal  perfectly,  so  as  to  give  all  the  softness,  beauty,  and 
delicacy  of  the  original  model. 

Now  let  us  proceed  to  what  may  be  considered  a  higher  branch  of 
art,  and  that  is  sculpture.  We  shall  find  exactly  the  same  principle 
throughout ;  all  the  greatest  artists  of  the  most  flourishing  period  were 
men  who  did  tlieir  own  work.  You  are  probably  aware — many,  I  have 
no  doubt,  are — at  the  present  day,  when  a  sculptor  has  to  produce  a 
statue  he  first  of  all  makes  his  model  in  clay;  probably  a  drawing  first, 
then  a  small  model,  then  a  model  exactly  as  he  intends  the  statue  to  be, 
full-sized  and  completely  finished ;  from  this  the  cast  is  taken  in  plaster; 
the  block  of  marble  of  proper  size  is  put  beside  it,  and  a  frame  over  it 
from  which  there  hang  threads  with  weights;  these  form  the  points 
from  which  the  workman  measures,  fh)m  corresponding  lines,  first  to 
the  models,  and  then  from  these  which  are  over  the  cast  to  the  cast  it- 
self;  and  by  means  of  the  merest  mechanical  process  he  gradually  cats 
away  the  marble  to  the  shape  of  his  cast,  and  often  brings  it  so  near  to 
the  finished  work  that  the  artist  himself  barely  spends  a  few  weeks  npon 
it.  This  was  so  much  the  case  with  a  very  eminent  sculptor  that  it  is 
well  known  he  hardly  ever  had  occasion  to  touch  it. 

Now  that  was  not  the  way  the  ancients  worked :  they  knew  perfectly 
well  that  there  was  more  feeling  in  the  few  touches  which  the  master-haml 
gives,  even  from  the  very  beginning  of  the  work,  than  there  can  be  in 
the  low  and  plodding  process  of  mechanical  labor ;  and  we  find  that 
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"those  who  were  really  exquisite  sculptors  in  ancient  times  tcere  aho 
their  own  toorkmen.  Vasari  tells  us  of  Orcagna,  that  he  made  at  Florence 
seven  figures,  all  tcith  his  own  hand,  in  marble,  which  yet  exist.  Now, 
Orcagna  was  certainly  a  remarkable  person.  He  was  a  sculptor,  painter 
and  an  artist:  and  so  justly  vain,  if  one  may  so  speak,  of  this  varied 
character  of  his  art,  that,  upon  his  monuments  or  sculptures,  he  calls 
himself  a  painter ;  upon  his  paintings,  he  always  calls  himself  a  sculp- 
tor. His  paintings  are  to  be  found  in  the  cemetery  at  Pisa.  The  most 
beautiful  and  splendid  of  his  works  is  the  matchless  altar  in  the  church 
at  San  Michael,  in  Florence,  of  which,  I  am  glad  to  say,  there  will  be 
an  exact  copy  in  the  future  Crystal  Palace.  This  artist,  now,  whose 
work  is  certainly  most  beautiful,  most  finished,  as  far  as  we  can  gather 
from  his  life,  a^ctually  did  the  work  with  his  own  hands ,  and  carved  the 
whole  of  the  marble  himself. 

I  shall  have  occasion  to  speak  of  another  celebrated  artist  under  an- 
other head ;  and  therefore  I  now  will  mention  one  who  became  verj'  cel- 
ebrated, and  from  whose  life  it  is  evident  that  he  did  the  whole  of  the 
carving  with  his  own  hands,  and  that  is  Brunelleschi.  He  lived  at  the 
period  when  art  was  becoming  truly  most  beautiful — the  period  which 
just  preceded  the  appearance,  perhaps,  of  a  still  greater  artist,  but  who, 
in  some  respects,  departed  from  the  purest  principles  of  art.  He  was 
the  contemporary  of  Donatello,  and  they  were  both  very  great  friends, 
and  worked  even  in  the  same  church.  An  anecdote  related  by  Vasari, 
in  the  life  of  Donatello,  will  show  us  how  truly  Brunelleschi  was  not 
merely  a  sculptor,  but  a  carver  who  i)erformed  the  work  with  his  own 
hand.  He  tells  us  that  Donatello  had  received  a  commission  to  carve 
a  crucifix,  (which  yet  exists  in  the  church  of  Santa  Croce,  under  a  beau- 
tiful painting  by  Taddeo  Gaddi,)  and  that  he  produced  what  was  con- 
sidered a  very  fine  work ;  but  he  was  anxious  that  his  friend  Brunelles- 
chi should  see  and  approve  of  it.  He  invited  him  therefore,  one  day,  to 
inspect  it ;  which  shows  that  the  work  had  been  covered  up  and  con- 
cealed during  the  execution.  Brunelleschi  looked  at  it,  and  said  noth- 
ing. His  friend  Donatello  felt  hurt,  and  said,  "I  have  brought  yon 
here  to  give  me  your  opinion  5  tell  me  candidly  what  do  you  think  of  it!" 
"  Well,  then, "  Brunelleschi  said,  "  I  will  tell  you,  at  once,  that  it  is  a 
figure,  nol^of  Christ,  but  of  a  peasant  or  a  rustic.''  Donatello  wa«  in- 
dignant. It  was  perhaps  the  most  beautiful  specimen  of  the  subject  in 
carving  that  had  been  produced  5  and  he  used  an  expression  which  be- 
came a  proverb ;  and  I  cannot  help  remarking  how  many  expressions  of 
artists  have  turned  into  proverbs.  The  expression  in  Italian  means 
this:  "  Take  a  piece  of  wood,  and  make  another."  Brunelleschi  did  not 
reply.  He  went  home.  He  did  take  a  piece  of  wood.  He  said  nothing 
to  Donatello,  and  he  carved  his  crucifix.  When  it  was  quite  finished,  he 
met  Donatello,  and  said,  *'  Will  you  come  and  sup  with  me  this  even- 
ing?" (Now  I  narrate  this  anecdote  partly  because  it  shows  us  what 
the  great  artists  were — that  they  were  not  great  gentlemen  living  in  any 
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particular  style.)    "  I  will  do  so  with  pleasure,^  said  Donat^llo.    "Tha 
come  along ;"  and  Brunellescbi,  as  they  went  on,  stopped  at  the  market, 
bought  eggs  and  cheese  for  their  supper,  put  them  in  an  apron,  and  said 
to  Donatello,  ''  Now,  you  carry  these  to  my  house  while  I  buy  something 
else,  and  Til  follow  you.''    Donatello  entered  the  room,  saw  the  cradfix, 
let  fall  his  apron,  and  smashed  the  eggs.    Bruuelleschi  soon  followed, 
and  found  Donatello  with  his  hands  stretched  oiit,  and  his  mouth  open, 
looking  at  this  wonderful  work.   "  Come,''  said  he  to  Donatello,  "  wheie^ 
our  supper?  "    "  I  have  had  my  supper,"  said  he ;  *'  you  get  what  yoa  can 
out  of  what  is  left."    And  then,  like  a  true,  noble-bearted,  generous 
artist,  he  t<>ok  his  friend  by  the  band,  and  said,  ^^  You  are  made  to 
represent  Christ ;  I,  only  to  represent  peasants."    Now,  this  shows,  as  I 
said  before,  that  this  poor  artist  carried  on  his  own  work  with  his  own 
hands,  shut  up  in  his  own  house ;  in  fact,  that,  as  Ya^ari  tells  as,  he 
never  allowed  any  one  to  see  it  until  it  was  quite  completed. 

There  can  be  no  doubt  that,  among  all  the  names  celebrated  in  ait, 
there  is  not  one  that  can  be  put  in  comparison  with  that  of  Michael  An- 
gelo ;  a  man  who,  not  merely  from  his  follower,  disciple,  and  intimate, 
Yasari,  but  even  from  jealous  and  envious  and  ill-tempered  Benvennto 
Cellini,  receives  constantly  the  epithet  of  "  the  divine."  No  man  cer- 
tainly ever  had  such  a  wonderful  soul  for  art,  in  every  department:  the 
cupola  of  St.  Peter's,  as  an  architect;  his  Moses  and  his  Christ,  as  a 
sculptor ;  and  his  Last  Judgment,  on  the  ceiling  of  the  Sistine  Chapel, 
as  a  painter,  are  three  monuments  which  would  have  made  the  eternal 
fame,  not  of  three,  but  of  a  hundred,  artists  in  each  department.  Great, 
noble,  generous,  and  though  perhaps  somewhat  in  his  temper  not  amia- 
ble, yet  sternly  honest  in  all  his  dealings,  he  seems  to  have  been  the 
great  center  around  which  the  art  of  his  period  revolved.  There  was 
no  one  so  great,  so  sublime  in  any  particular  branch  of  it,  that  did  not 
look  up  to  Michael  Angelo,  and  consider  him  his  superior.  It  is  acknowl- 
edged that  Eaffaelle  went  into  the  Sistine  Chapel,  and  saw  Angelo's 
wonderful  works,  and  changed  entirely  his  style  upon  beholding  them; 
and  it  is  particularly  acknowledged  by  the  writers  of  that  time,  that  in 
every  other  department — civil  engineering,  &c. — he  was  considered 
equally  supreme.  !Now,  you  would  suppose  that  this  man,  upon  whom 
commissions  poured  in  every  day  for  great  works,  would  have  employed 
a  number  of  artisans  to  assist  him ;  that  he  would  have  haa  carefollj 
prepared  models,  which  he  would  have  intrusted  to  skillful  artificers, 
so  as  to  lighten  his  labor.  But  no  such  thing.  There  is  every  evidence 
we  can  desire,  that,  from  the  beginning  to  the  end,  Michael  Angelo  per- 
formed the  whole  of  his  own  work ;  that  he  began  with  the  piece  of 
marble  as  it  came  from  the  quarry ;  that,  if  not  always,  pretty  generally, 
he  did  not  even  condescend  to  make  a  design  beyond  a  small  wax 
model,  but  immediately  set  to  work  with  chisel  and  mallet  on  the  figure 
which  he  had  in  his  imagination,  and  which  be  knew  was  as  truly  lurk- 
ing in  the  inanimate  block.    Yasari  shows  us,  in  fact,  from  his  unfin- 
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ished  pieces,  in  what  way  he  must  have  mapped  out  the  marble  and 
done  the  work  himself;  and  that  is  why  we  have  so  many  vast  pieces 
by  him  unfinished :  either  the  stroke  did  not  come  out  as  ho  desired,  or 
it  went  too  far  into  the  marble,  and  spoilt  his  labor.'  But  so  it  is,  that 
by  far  the  greater  part  of  those  gigantic  pieces  which  he  finished,  if  not 
all,  were  the  productions  of  his  own  hand,  as  well  as  of  his  intellect. 

When  about  seventy-five  years  of  age,  Vasari  tells  us,  he  used  to  be 
jast  as  indefatigable  with  his  chisel  and  hammer  as  when  he  was  a  stout, 
young  man.  He  had  near  his  bed-room,  if  not  in  it,  (for  he  lived  in  a  t 
ikiost  primitive  and  simple  manner,)  an  immense  block  of  marble,  and, 
when  he  had  nothing  else  to  do,  he  used  to  be  hammering  at  that;  and 
when  asked  why  he  so  continuously  worked  at  this  branch  of  his  vari- 
ous arts,  he  used  to  reply  that  he  did  it  for  amusement,  to  pass  his  time, 
and  that  it  was  good  for  his  health  to  take  exercise  with  the  mallet. 
He  undertook  at  that  age,  out  of  an  enormous  block  of  marble,  to  bring 
out  four  figures,  larger  than  life,  representing  the  descent  from  the 
cross;  and  he  had  nearly  worked  out  the  figure  of  our  Lord,  when,  hap- 
pening to  meet  with  a  vein  that  was  hard  and  troublesome,  he  one  day 
broke  it  into  half  a  dozen  pieces.  It  was  seen  in  this  state  by  a  friend, 
and  his  servant  begged  it  for  him.  It  was  put  together,  and  it  is  now 
to  be  seen  at  Florence.  But  Yasari  says  that  it  was  necessary,  in  order 
to  give  him  occupation,  to  get  another  large  block  of  marble  and  put  it 
near  his  bed,  that  so  he  might  continue  at  his  work ;  and  he  began 
another  group  of  the  same  sort.  This  was  at  the  age  of  seventy-five. 
And  Vasari  gives  us  an  interesting  account  of  how  he  worked:  he  says 
he  was  remarkably  sober,  and  while  performing  his  greatest  works,  such 
as  the  paintings,  he  rarely  took  more  than  a  crust  of  bread  and  a  glass 
of  wine  for  his  dinner.  This  sobriety,  he  says,  made  him  very  vigilant, 
and  not  require  much  sleep ;  and  very  often  in  the  night  he  used  to  rise, 
when  he  could  not  sleep,  and  work  away  with  his  chisel,  having  made 
for  himself  a  sort  of  helmet,  or  cap,  out  of  pasteboard,  and  upon  the 
middle  of  this,  in  the  top,  he  had  his  candle,  so  that  the  shadow  of  his 
body  never  could  be  thrown  upon  the  work. 

Apropos  of  this,  Vasari  tells  us  an  anecdote  which  is  interesting  as 
showing  the  character  of  Michael  Angelo  and  of  his  time.  Vasari 
observes  that  he  never  used  wax  candles  for  this  purpose,  but  a  particu- 
lar sort  of  candles  made  of  goat's  tallow,  which,  he  says,  are  particularly 
excellent.  Wishing  to  make  him  a  present,  he  (Vasari)  sent  to  Michael 
Angelo  his  servant  one  day  with  four  bags  of  these  particular  candles, 
containing  forty  x)ound8  of  them.  The  servant  brought  them;  and 
Michael  Angelo,  who  never  accepted  a  present,  told  him  to  take  them 
back  again,  he  would  not  receive  them.  The  servant  said,  "They  have 
nearly  broken  my  arm  in  bringing  them,  and  1  shall  not  carry  them 
back.'^  "Then  do  what  you  like  with  them,"  said  Michael  Angelo. 
"Then,"  replied  the  servant,  "I  observed,  as  I  came  to  your  house,  that 
just  before  your  door  there  was  a  nice  bed  of  just-hardened  mud :  PlI  ^o 
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and  stick  all  tlie  candles  in  tbis,  and  light  them  all,  and  leave  them 
there.''  Michael  Angclo  said,  "  No,  I  can't  allow  yoa  to  make  such  a 
CDnfusion  as  there  would  be  about  my  door ;  so  you  may  leave  them.*" 
This  shows  the  homely  and  friendly  way  in  which  the  artists  lived  among 
themselves. 

We  have  a  very  interesting  account  of  the  manner  in  which  he  used 
to  work  at  his  marble,  from  a  contemporary  French  writer,  who  sap: 
''  I  can  say  that  I  have  seen  Michael  Angelo,  when  be  was  about  mi\  , 
years  of  age,  and  not  then  very  robust,  make  the  fragments  of  marble 
fly  about  at  such  a  rate,  that  he  cut  off  more  in  a  quarter  of  an  hour  than 
three  strong  young  men  could  have  done  io  an  hour — "  a  thing  almost  in- 
credible to  any  one  who  has  not  seen  it;  and  be  used  to  work  with 
such  fury,  with  such  an  impetus,  that  it  was  feared  be  would  dash  the 
whole  marble  to  pieces,  making  at  each  stroke  chips,  of  three  or  four 
fingers'  thick,  fly  off  into  the  air;"  and  that  with  a  material  in  which, 
if  he  had  gone  only  a  hair's-breadth  too  far,  he  would  totally  have  de- 
stroyed the  woik,  which  could  not  be  restored  like  plaster  or  clay. 

Going  now  to  another  part  of  the  world  for  the  same  art,  we  retiun 
to  Kuremberg,  and  find  a  most  magnificent  piece  of  sculpture  in  stone^ 
unrivaled  in  the  delicacy  and  exquisite  beauty  of  the  work ;  that  is 
the  tabernacle  in  the  church  of  St.  Lawrence.  It  rises  from  the  ground 
and  goes  up,  not  merely  to  the  top  of  a  very  high  church,  running  along 
like  a  plant,  with  one  of  the  pillars  against  which  it  is  built ;  but^  as  if 
the  church  was  not  high  enough  for  it,  creeping  far  beyond,  and  making 
the  most  graceful  termination,  which  has  nothing  similar  in  works  of 
this  sort.  So  beautiful  and  delicate  is  the  whole  work,  representing  all 
the  mysteries  of  our  Lord's  life  and  passion,  that,  for  a  long  time,  people 
used  to  assert  that  it  was  not  stone,  but  modeled  in  some  com|)osition. 
But  it  has  been  proved  beyond  doubt  that  it  is  stone.  Now,  the  man 
who  made  this  was  a  mason — a  common  working  stonemason — Adam 
Kraft,  who  built  part  of  the  tower  of  the  church,  and  whose  name  is 
upon  it  as  the  mason  who  built  it;  and  he,  until  1490,  when  he  was 
fifty- three  years  of  age,  had  never  attempted  to  work  as  a  sculptor; 
and  yet,  before  he  died,  he  had  not  only  executed  many  beautiful  works, 
and  among  them  a  carved  staircase  in  the  tower,  but  this  exquisite 
work,  which  is  without  a  parallel.  He  has  represented  the  whole  of  it 
as  supported  by  three  kneeling  figures,  himself  and  his  two  apprentices, 
who  executed  alone  the  whole  work. 

We  see,  therefore,  that  wherever  there  has  really  been  grand  or  noble 
work  executed  by  sculptors,  they  have  been  artificers  as  well  as  designers; 
they  have  done  tlie  work  with  timr  own  handSj  as  well  as  imagined  it  in  their 
own  fancies. 

Let  us  go  now  to  another  department  of  art.  We  have  treated  of  met- 
als and  carved  work  in  wood  and  stone.  Let  us  now  go  to  pottery.  I  have 
already  observed  that  those  beautiful  vases,  known  by  the  name  of  Etros. 
can,  were  really  made  originally  for  domestic  use;  that,  consequently, 
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they  were  made  by  the  potter,  and  not  by  a  fine  artist  only.  This 
has  been  fully  proved.  It  used  to  be  thought  at  one  time  that  they  were 
all  funereal,  or  of  symbolical  use,  being  found  almost  entirely  in  tombs ; 
but  it  has  been  proved  that  the  greater  part  of  them  were  for  the  common 
domestic  purposes  of  the  table  an<l  the  household;  that  some,  indeed, 
were  given  as  prizes  at  the  games,  tilled  with  oil;  others  were  marriage 
presents,  kept  with  more  care  m  houses,  but  still  they  were  the  work  of 
the  potter,  and  must  have  been  produced  entirely  by  hand.  Pottery 
was  so  much  considered  as  a  branch  of  art,  that  in  early  Eome,  in  the 
time  of  Numa,  there  was  a  college  of  potters ;  they  were  ennobled  by 
being  made  a  special  guild.  4^ny  one  who  went  through  the  exhibition 
mast  have  been  particularly  struck  with  the  elegance  of  forms  which 
prevailed  in  all  the  Indian  and  also  in  the  Turkish  pottery;  and  the 
common  vessels,  used  to  carry  water  on  the  head  by  the  peasantry  of 
Italy  and  Spain,  have  the  same  elegance  of  form  which  very  little  of  our 
china,  or  of  our  finest  pottery,  can  exhibit ;  and  the  question  naturally 
suggests  itself,  how  is  this,  that  in  many  countries  there  should  be  such 
beautiful  productions,  and  at  the  same  time  that  we  should  not  be  able 
to  give  the  same  beauty  of  form?  The  answer  to  this  is  given,  I  think, 
very  correctly  by  Mr.  Digby  Wyatt,  in  his  beautiful  work  on  the  late 
exhibition.  He  observes  that  '^  there  can  bo  no  doubt  that  the  reason 
of  this  beauty  in  the  old  pottery  and  in  that  of  the  East  is,  that  it  is  made 
entirely  by  the  workman  himself  P  There  can  be  little  doubt  that  the  most 
beautiful  forms  of  Greek  and  Etruscan  vases  have  been  generated  by  a 
simple  process  of  formation,  and  by  the  refined  delicacy  of  touch  acquired 
by  the  potter  during  years  of  practice.  The  perfect  outline  of  some  of 
the  commonest  objects  of  pottery  from  India,  Tunis,  Turkey,  and  the 
rest,  demonstrate  the  methods  by  which  contours  equal  in  grace  to  the 
Etrurian  and  those  of  Magna  Grsecia  have  been  produced.  In  the  finer 
work  of  pottery  among  us,  a  distinct  person  is  employed  to  design  from 
him  who  makes  the  object ;  the  one  makes  the  pattern,  and  a  mold 
is  then  made  of  the  same  figure  as  is  given.  But  in  the  ancient  and 
oriental  objects,  the  beauty  of  form  is  attributed  to  the  art  being  literally 
in  the  potter^s  fingers ;  and  he  acquires  by  the  manipulation  a  fineness  of 
touch,  a  delicacy  of  eye,  which  enables  him  to  produce  beautiful  forms, 
which  no  one  in  the  abstract  could  imagine."  This  is  coiToborated  by  the 
fact  that  in  the  British  Museum,  in  the  great  gallery  where  the  Etruscan 
vases  are  kept,  you  will  find  two — an$  if  you  search  the  Vatican  and 
Bourbon  Museum,  and  all  the  collections  in  Europe,  you  will  not  find 
two — perfectly  alike ;  there  is  a  difference  in  them,  which  shows  they 
were  not  produced  by  a  model,  but  simply  out  of  hand ;  and  I  have  no 
doubt  that  the  influence  of  this  working  in  clay  without  a  pattern  is  to 
be  traced  in  all  the  works  in  metal  and  in  glass  of  the  ancients;  because, 
no  doubt,  the  eye  of  the  man  who  worked  in  bronze  had  been  formed 
by  his  familiarity  with  the  beautiful  patterns  which  came  forth  every 
day  from  the  hands  of  the  workmen  in  clay.    I  find,  too,  it  is  mentioned 
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in  Pliny,  that  when  a  knight  named  Octavias,  in  the  time  of  Aagastus^ 
wished  to  have  a  vase  made,  it  cost  him  a  talent,  or  upwards  of  £aO,  to 
have  the  model  made :  which  shows  that  the  clay  model  was  to  be  mod* 
eled  before  the  marble  vase  was  sculptured.  In  this  art,  then,  the  pro- 
ducer is  the  designer,  the  artist  is  the  artisan,  and  hence  oame$  ^eci 
beauty. 

Next  to  this  must  be  mentioned  a  very  Important  branch  of  productive 
art,  in  which  the  art  of  design  is  always  necessary  to  be  in  combiiiation 
with  the  actual  manufacture;  and  that  is  china,  or  painting  upon  pot- 
tery.   The  Etruscan  vases  are  often  simple,  sometimes  of  one  color, 
sometimes  they  have  nothing  of  ornament;  at  other  times  they  have 
most  beautifully  executed,  though  sketchy,  scenes  of  ancient  mythology, 
or  very  frequently  from  the  "Iliad.''    These  are  done  in  a  way  whiA 
shows  there  must  have  been  hundreds  of  artists  who  could  do  that  work. 
Very  frequently  it  was  not  a  painter  who  did  them,  but  the  man  who 
was  at  work  on  the  pottery  throughout ;  and,  although  mere  sketches, 
they  are  considered  as  containing  the  elements  of  very  beautiful  draw- 
ing.   If  we  come  to  speak  of  the  art  of  modern  times,  a  remarkable 
instance  of  genius  persevering  in  its  work  may  be  taken  from  the  history 
of  Bernard  Pallissy.    He  was  an  artist,  but  as  a  painter  of  comparatively 
humble  pretensions;  for  he  tells  us  he  used  to  paint  figures,  images,  and 
so  on;  but  in  this  he  was  an  artist,  to  a  certain  extent.     He  tell  us 
himself,  in  the  biography  he  has  written,  that  in  1544,  when  there 
seemed  not  to  have  been  anything  approaching  to  ornamental  pottery 
in  France,  he  happened  to  see  an  Italian  cup,  which  struck  him  as  beiog 
very  beautiful;  and  he  thought  to  himself,  "Why  could  not  this  be 
produced  in  Francef    He  set  to  work.    He  was  a  poor  man,  hardly 
educated;  but  he  had  a  great  turn  for  chemistry,  and  was  particularly 
desirous  of  finding  out  a  manner  of  enameling  pottery,  and  esiiecially 
a  white  enamel,  which  he  at  length  contrived  to  make.    Ho  took  his 
worked  to  be  baked  in  glass-houses,  and  found  it  completely  fail ;  theo 
he  set  to  work  in  his  own  house,  and  built  a  furnace  for  the  purpoae. 
He  put  his  ingredients  into  the  furnace ;  they  would  not  set  nor  harden. 
He  had  spent  all  his  money,  and  he  gradually  pawned  all  his  clothes,  and 
burnt  every  article  of  furniture,  to  keep  up  the  furnace,  and  pulled  np 
the  fruit  trees  in  his  garden,  and  then  the  very  floor  of  the  house,  to 
keep  up  the  fire.    Still  the  work  was  all  spoiled.    When  he  went  oat 
the  people  charged  him  with  being  a  coiner;  he  was  ridiculed  as  mad; 
and  every  sort  of  annoyance  came  on  him.    He  persevered  yet;  and, 
having  found  that  his  furnace  would  not  act,  he  pulled  it  down,  and  with 
his  own  hands  bringing  the  lime  and  bricks,  he  built  another  furnace, 
and  then  sat  for  six  days  and  nights  watching  the  fire.    Then  he  got  a 
little  money  by  having  a  commission  to  make  a  survey,  and  came  back 
to  his  work,  and  tried  again.    The  mortar  he  used,  however,  happened 
to  have  some  deficiency  in  it;  and,  just  as  the  pottery  was  going  to  set, 
he  heard  a  crack,  and  the  pebbles  in  the  mortar  began  to  fly  and  broke 
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bis  eoamel.  He  set  to  work  again,  and  put  his  materials  again  in  the 
fire;  and  this  time  ther«  was  a  tremendous  explosion,  the  ashes  burst  in 
and  the  whole  of  his  work  was  covered  with  black,  so  firmly  set  into  the 
enamel  that  it  all  had  to  be  thrown  away  except  a  few  pieces,  by  which 
he  made  a  trifle.  For  sixteen  years  he  perseve4:ed  in  this  way,  and 
then  was  crowned  with  success,  and  produced  the  finest  specimens  of 
colored  and  beautiful  pottery,  such  as  are  to  this  day  sought  by  the  cu- 
rious; and  he  received  a  situation  in  the  king's  household,  and  ended 
his  days  in  comfort  and  respectability. 

I  could  mention  the  beautiful  earthenware  of  the  sixteenth  century, 
known  by  the  name  of  '^  Eaphael's  ware,'^  because  it  is  supposed  that 
Baphael  himself  did  not  disdain  to  make  designs  for  common  pottery, 
X>ottery  not  to  be  used  merely  by  the  rich,  but  to  be  found  in  the  common 
cottages  and  houses  of  ordinary  classes ;  the  most  beautiful  specimens 
being  in  the  apothecaries'  shops  of  Padua  and  Yerona.  There  we  have 
the  employment  of  high  art  in  the  decoration  of  a  common  and  ordinary 
object;  for  the  xwttery  itself  has  no  particular  pretensions  to  elegance  of 
make,  but  yet  one  of  these  plates,  thick,  heavy,  clumsy,  and  coarse  as 
they  are,  is  worth  a  service  of  modern  production  as  a  work  of  art. 

Another  department  is  statuary  in  pottery,  which  presents  some  very 
interesting  features  in  the  history  of  art.  Its  very  origin  is  exceedingly 
interesting.  Pliny  gives  it  to  us  as  the  invention  of  a  certain  potter,  of 
very  ancient  date,  whose  daughter,  when  parting  with  a  youth  to  whom 
she  was  engaged,  did  what  I  dare  say  some  of  you  have  done,  made 
him  stand  before  the  lamp,  so  as  to  throw  his  shadow  on  the  wall,  and 
so  sketch  his  head  and  face ;  and  the  father,  wishing  to  preserve  this 
sketch,  took  some  of  his  clay,  and  filled  up  the  outline,  and  made  a 
bass-relief  of  the  countenance.  That  piece  of  pottery,  at  the  time  when 
the  Romans  first  became  acquainted  with  art,  and  carried  away  the 
monuments  of  Greece,  was  preserved  in  the  temple  of  the  Nymphs,  at 
Corinth,  as  a  treasure  of  art — as  the  first  germ  from  which  had  been 
developed  some  of  the  most  beautiful  productions  of  that  kind.  At  the 
time  of  the  Eoman  kings  of  the  race  of  Tarquin,  the  inhabitants  of  Italy 
had  arrived  at  such  perfection  in  this  art  that  they  used  to  make  chariots, 
horses,  and  other  representations  of  clay,  so  well  baked  that  they  could 
be  placed  in  the  open  air,  and  stood  for  many  centuries  without  injury ; 
and,  in  fact,  we  find  them  now  among  Etruscan  monuments.  The  Bomans 
must  also  have  learned  well  how  to  paint  them ;  because  we  find  it 
stated  that  there  wa«  an  artist,  whom  Varro  particularly  mentions,  who 
imitated  fruit  in  pottery  so  perfectly  as  to  deceive  any  one,  and  make 
one  think  it  was  real. 

But  the  most  interesting  example  of  this  application  of  high  art  to 
such  products  is  wnat  we  find  in  the  life  of  an  eminent  artist,  and  at  the 
same  time  a  potter,  Lnca  della  Bobbia.  He  was  put,  when  quite  a  boy, 
apprentice  to  a  jeweler.  He  very  soon  began  to  make  things  in  bronze; 
he  gave  up  mere  small  modeling,  and  begarf  upon  marble,  and  succeeded 
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Tery  well.    He  worked  the  whole  of  the  day  at  his  chiseling,  and  sat  up  all 
the  night  drawing.    He  was  poor;  he  was  hungry  and  cold;  and  the 
only  means  he  had  of  warming  himself  at  night  wa«  to  put  his  feet  in  a 
basket  of  shavings,  while  he  sat  there  drawing,  and  would  not  be  driven 
from  it.    Now,  there  was  an  education  for  him,  beginning  first  with  small 
work,  and  exercising  his  patience  and  skill  in  that  way.    Sigismnnd 
Malatesta,  the  great  patron  of  art  at  Rimini,  was  then  building  a  splen- 
did church,  and  he  sent  to  Florence  to  find  workmen  to  do  the  carving; 
and  Luca  della  Eobbia  was  engaged  for  this  purpose.     He  had  at  that 
time  been  a  silversmith's  apprentice,  had  executed  works  in  marble  and 
bronze,  and  w;is  set  to  undertake  that  noble  work  at  Bimiui ;  and  how  old 
was  he  when  Sigismnnd  engaged  him  I    He  was  fifteen  !    And  what  pains 
and  study  must  have  been  gone  through  in  that  time  by  the  poor  boy  to 
make  himself  really  an  artist !  He  succeeded  admirably  at  Rimini,  and  caoM 
back  and  received  a  commission  to  work  with  Donatello,  to  make  a  screen 
for  an  organ,  and  a  bronze  door.    After  all  this,  he  suddenly  discovered  a 
totally  new  branch  of  art — modeling  in  pottery.    He  first  contrived  to 
manufacture  his  own  clay;  he  then  discovered  a  mode  of  glazing  it  to 
such  perfection  that  centuries  of  weather  do  not  in  the  least  affect  it. 
He  then  contrived  to  color  it  in  the  most  beautiful  manner;  and  all 
Florence,  and  every  part  of  Italy,  may  be  said  to  be  filled  with  works  of 
art  equal  to  anything  produced  in  marble,  and  valued  as  high.    He  went 
on  improving  his  art;  he  began,  then,  tesselated  pavements,  and  outsides 
of  churches,  which  are  most  beautiful ;  and  then,  taking  to  himself,  not 
a  number  of  workmen  to  mold  under  him,  but  two  near  relatives  of  his, 
who  were  also  artists  and  sculptors  in  marble,  and  who  had  left  marble 
to  come  to  work  in  clay,  this  family  carried  on  the  same  work  to  the 
third  generation,  when  the  secret  of  the  art  expired  with  the  family. 
But  in  those  three  generations,  till  Pope  Leo  gave  the  commission  of 
making  the  pavement  of  the  Loggie  Rafi'aelle,  this  family  made  an  infi- 
nite number  of  original  works,  of  art,  executed  by  hand,  colored  and 
baked  by  themselves.    Now,  there  is  a  whole  family  of  artists,  in  whom 
the  productive  and  artistic  skill  were  united.    In  our  estimation  we 
should  say  what  a  descent  that  was  for  a  sculptor  in  bronze  and  marble 
to  come  to  a  mere  potter!    But  I  will  read  to  you  Vasari's  sentiments 
on  that  subject,  who,  as  the  great  biographer  of  artiste,  and  who  lived 
among  artists,  and  was  himself  an  artist,  may  be  allowed  to  have  a  right 
sentiment  upon  it.    He  says:  "Luke  therefore,  passing  from  one  sort  of 
work  to  another,  from  marble  to  bronze,  and  from  bronze  to  clay,  did 
so,  not  from  any  idleness,  nor  from  being,  like  many  others,  capricious, 
unstable,  and  discontented  with  his  art,  but  because  he  felt  himself 
drawn  to  new  pursuits,  and  to  an  art  requiring  less  labor  and  time,  and 
rendering  him  more  gain ;  hence  the  world  and  the  arts  of  design  became 
enriched  with  an  art,  new,  useful,  and  most  beautiful;  and  he,  with  glory 
and  praise,  immortal  and  unfailing." 
We  are  told  by  Pliny  thtit  it  was  in  the  time  of  Augustus  the  prao- 
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tice  was  introduced  of  painting  the  walls  of  houses.  Temples  were 
undoubtedly  painted  before;  because  he  tells  us,  that,  when  the  temple 
of  Ceres  was  falling  into  ruins,  the  paintings  of  Demophilus  were  cut 
away  from  the  walls,  (as  is  sometimes  now  done  with  frescoes,)  and  put 
into  ft'ames  in  order  to  preserve  them.  On  one  occasion,  by  the  way, 
the  city  of  Ehodes  was  saved,  when  Demetrius  besieged  it,  because  he 
feared  a  beautiful  painting  would  be  destroyed  that  was  on  the  wall  of 
one  of  the  buildings.  This  painting  of  walls  corresponded  to  our  paper- 
hangings.  What  we  do  by  putting  on  stained  or  colored  paper,  they 
did  with  the  brush  and  the  skill  of  the  artist.  The  walls  of  Pompeii 
and  Herculaneum  are  covered  with  most  beautiful  paintings,  not  merely 
ornamental  patterns  and  arabesques,  but  there  is  such  a  mixture  of 
the  mere  ornament,  and  of  figures  perfectly  designed  and  colored,  as  to 
show  that  there  was  no  distinction  made  then  between  the  painter  of 
a  fresco  and  the  house  decorator;  the  artist  was  himself  the  performer  of 
the  wark^  and  so  beautiful  is  it,  that  we  have  hardly  anything  in  modern 
times  superior  to  what  is  commonly  found  on  the  walls  of  the  private 
houses  of  cities  which  were  in  a  province  remote  from  the  capital,  and 
which  had  no  particular  recommendation,  that  we  know  of,  as  seats  of 
art. 

We  have  an  instance,  also,  in  modem  times.  Perhaps  one  of  the 
most  beautiful  productions  of  modern  art  is  the  painting  of  that  gallery 
to  which  I  have  alluded,  where  wo  see  that  Raffaelle  undertakes  to  do 
what  now  one  tcould  never  think  of  committing  to  the  hands  of  any  one  higher 
tJian  a  common  house-decorator.  No  nobleman,  nor  even  a  monarch,  would 
think  of  asking  the  first  artist  of  the  kingdom  to  design  the  ornament 
of  a  gallery,  scroll- work,  and  grotesques,  or  mechanical  ornament,  which 
now  would  be  done  by  a  common  process  or  a  common  hand.  But  in  a 
former  age  there  was  no  distinction  made  between  what  we  now  consider 
the  higher  and  the  lower  sorts  of  art ;  but  the  ichole  of  art  teas  regarded 
as  one  thing  ;  the  greatest  of  artists  considered  it  was  his  place  to  make 
even  the  smallest  work — which  might  be  insignificant  in  itself — great 
and  noble,  and  to  stamp  the  highest  impress  of  art  on  the  commonest 
and  most  ordinary  commissions  that  were  given  to  him. 

I  will  now  speak  of  a  department  of  art  which  will  interest  you, 
perhaps,  more  than  others — art  applied  to  textile  fabrics.  There  is  a 
great  difference  between  what  art  can  do  in  this  department,  and  what 
it  can  do  for  those  through  which  I  have  passed;  because  the  otheis 
are  in  their  nature  more  lasting;  they  are  to  continue  for  a  time;  they 
are  worth,  therefore,  the  attention  and  care  of  artists  of  the  very  high- 
est class.  The  fashions  of  textile  fabrics  are  perishable  and  fragile; 
they  are  capricious  and  changeable;  therefore  it  is  impossible  to  have 
the  time,  the  leisure,  and  the  same  degree  of  labor  expended  on  them 
as  is  necessary  to  produce  a  great  work  of  art.  I  have  read  with  con- 
siderable pleasure,  and  can  bear  testimony  to  the  important  suggestions 
in  a  pamphlet  or  lecture  on  this  subject  delivered  in  this  city  by  Mr. 
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Potter.    He  is  quite  correct  iu  his  estimate  of  the  somewhat  exaggerated 
ideas  which  may  exist  of  the  power  of  art  in  connection  with  that  which 
is  not  durable,  and  which,  in  reality,  has  its  value,  necessarily,  for  only 
a  brief  period.    I  agree,  therefore,  with  him  on  that  subject ;  but  at  the 
same  time  I  accept  as  very  important  his  concession  that,  even  with 
regard  to  that.degree  of  art  which  is  compatible  with  the  nature  of  the 
substance  on  whicli  it  is  to  be  displayed,  we  do  not  do  what  we  ought  to 
do,  and  that  we  fall  short  of  our  neighbors,  the  French }  or  at  least,  that 
while  in  that  which  is  of  secondary  character  we  have  put  forth  sneh 
l>erseverance  and  study  as  to  have  attained  an   equality  with  them, 
there  is  a  point  in  that  which  is  more  delicate  and  perfect  which  we  have 
not  reached.    This  is  an  important  concession.    It  appears  there  is  some 
reason  why,  in  France,  they  can  produce,  even  in  printed  fabrics,  a 
superior  and  more  delicate  artistic  effect  than  can  as  yet  be  given  here; 
and  I  shall  have  to  speak  of  the  reason  of  this,  which  accords  completelv 
with  what  I  have  said,  because  in  these  works,  which  are  not  made  ab- 
solutely by  handicraft,  but  with  the  assistance  of  mechanical  skill,  there 
must  be  a  distinction  between  the  designer  and  the  mere  workman— a 
man  who  keeps  the  machine  in  motion,  and  puts  the  work  through  it: 
although,  no  doubt,  it  is  necessary  for  the  designer  also  to  have  a  con- 
siderable acquaintance  with  the  process  by  which  his  design  is  to  be 
brought  out  in  actual  manufacture.    I  only  wish  to  observe  how  the 
principle  comes  down  here.    You  know  the  cartoons  at  Hampton  Court, 
the  most  perfect  and  finished  work  of  art  of  Raffaelle.    You  would  sup- 
l)osfe  these  would  be  a  labor  of  years,  for  they  are  all  by  his  own  hand, 
perhaps  hardly  aided  by  a  disciple ;  and  nothing  can  be  more  perfect 
than  the  outline  and  artistic  distribution  of  the  parts  of  the  painting. 
What  were  these  cartoons  f    Simply  drawings  for  the  loom.     Raff(Me 
did  not  think  it  heloxc  him  to  draw  patterns  which  were  to  he  sent  to  Holland 
or  Belgium  J  atid  there  to  be  executed  in  the  loom  by  weavers  of  a  carpet. 
This  shows  how  the  very  highest  ideal  art  may  bend  without  degradation 
to  assist  practical  art  with  all  its  powers  and  resources ;  and  where  the 
union  of  the  two  in  the  same  person  cannot  be  got,  then  we  have  to  think 
of  the  means  by  which  the  harmonious  combination  of  both  may  be 
brought  to  produce  one  effect.    While  upon  this  subject,  I  am  tempted 
to  quote  some  beautiful  lines  upon  the  subject  from  one  of  our  oldest 
but  wisest  poets;  one  who  calls  himself,  upon  his  tomb,  "  the  servant 
of  Queen  Elizabeth,  the  councilor  of  King  James,  and  the  friend  of  Sir 
Philip  Sidney,^'  Lord  Brooke.    Speaking  as  if  it  was  considered  iu  those 
days  that  the  impulses  of  industry  must  be  entirely  regulated  by  the 
ruling  power,  he  prescribes  the  duty  of  that  in  regard  to  the  production 
of  manufactures : 

"  To  which  eud,  power  must  Dursories  erect, 
And  those  trades  cherish  which  use  many  hands ; 
Yet  such  as  more  hy  jiains  than  skiU  eflFect, 
And  so  by  spirits  more  than  vigor  stand ; 
Wheieby  eacb.  cTeaVwre  iav».y  Uaelf  sustain, 
And  wVio  exceV,  aOlCL^io\laY  xo  Wiv'vc  ^\vvtir 
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Another  remark  I  will  read,  which  comes  in  the  same  passage,  because 
it  seems  as,  written  in  that  age,  prophetic  of  what  may  be  considered 
the  characteristic  commercial  policy  of  this  day — that  policy  which  par- 
ticularly owes,  if  not  its  origin,  certainly  its  greatest  impulse,  to  this 
city  of  Manchester.    He  says : 

"  Now,  though  wise  kings  do  by  advantage  play  , 

With  other  states,  by  setting  t^x  on  toys, 
Which,  if  needs  do  permit,  they  justly  may, 
As  punishment  for  that  vice  which  destroys, 
To  real  things  yet  must  then  careful  he, 
*         Here  and  ahroady  to  keep  them  custom  free; 
Providing  clothes  and  food  no  burden  hearj 
Then^  equally  distributing  of  trade, 
So  as  no  one  rule  what  we  eat  or  wear, 
Or  any  town  the  gulf  of  all  be  made ; 
For,  though  from  few  wealth  soon  be  had  and  known, 
And  still  the  rich  kept  servile  by  their  own, 
Yet  no  one  city  rich,  or  exchequer  full. 
Gives  states  such  credit,  strength,  or  reputation. 
As  that  far-seeing,  long-breathed  wisdom  will. 
Which,  by  the  well  disposing  of  creation, 
Breathes  universal  wealth,  gives  all  content, 
Is  both  the  mine  and  scale  of  government." 

Now,  gentlemen,  I  wish  to  come  to  some  general  results.  We  have 
seen,  that  so  far,  in  every  instance  we  have  examiued,  icherever 
tliere  lias  been  real  beauty  and  perfection  of  tcorlcj  it  has  been  in  con- 
sequence of  the  practical  artj  and  of  the  fine  artj  which  ought  to  tcorJc 
together^  being  most  closely  combined^  and,  as  nearly  as  it  can  he  done,  in 
tlie  same  individual,  or  else  in  the  most  perfectly  harmonious  coopera- 
tion. Xow,  we  must  watch  very  carefully  w^hether  the  plans  which  are 
being  proposed  for  artistic  education — to  be  applied  to  production — 
will  tend  to  combine  these  two  characters  better,  or  further  to  sepa- 
rate them.  I  come  to  the  conclusion,  that  if  art  has  alNVays  flourished 
in  its  perfection  when  the  two  have  been  combined;  and  if,  on  the 
other  hand,  it  is  acknowledged  that  at  present  art  is  not  applied 
to  manufactures  as  it  might  be,  and  if  it  is,  at  the  same  time,  the 
#learly  visible  fact  that  our  artisans  and  workmen  are  not  artists — I 
think  I  have  a  right  to  conclude  that  this  separation  of  the  two  characters 
is  the  cause  of  our  inferiority,  and  that,  therefore,  the  education  which  we 
are  to  prepare  for  tliose  wlw  are  to  carry  productive  art  to  its  perfection 
must  be  one  which  will  combine,  closer  than  is  now  done,  these  two  depart- 
ments of  what  I  consider  one  and  the  same  thing,  Now,  is  it  or  can  it  bo 
so  by  the  education  we  are  now  giving  if  I  observed  that  what  I  have 
said  till  now  has  been  acknowledged  long  before  by  one  of  the  greatest 
authorities  in  matters  of  art — that  is.  Dr.  Waagen,  the  director  of  the 
lloyal  Gallery  at  Berlin.  lie  was  examined,  in  1835,  before  a  committee 
of  the  House  of  Commons  on  the  improvement  of  arts  and  manufactures, 
and  he  said  that  "in  former  times  artists  were  more  workmen,  and  the 
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worknioii  were  more  artists,  as  in  the  time  of  Hafifaelle;  and  it  is  very 
desirable  to  restore  this  happy  connection,^    I  was  glad  to  find  this 
corroboration  of  what  I  intended  to  say.    He  says  again,  "We have, 
then,  to  endeavor  a  connection  between  these  two,  the  prcnluctive  and 
beautiful  art."    Now,  I  ask  what  class  of  art  was  it  which  was  in  com- 
bination with  productive  art,  to  make  it  the  parent  of  such  a  beautiful 
offspring  in  every  department!    It  was  not  low  art;   it  was  not  the 
mere  knowing  how  to  sketch  an  object  from  nature ;  it  was  not  merely 
linear  drawing;  it  was  not  merely  elementary  art :  but  it  was  high  art, 
and  the  highest  art.    In  every  one  of  these  cases  the  state  of  society 
was  such — ^from  what  causes  I  do  not  undertake  here  to  say — that  it 
did  permit  the  highest  artists  devoting  themselves  to  what  now  they 
contemn  and  would  despise;  and,  on  the  other  hand,  there  was  sach 
honor  given  to  the  product  of  industry,  that,  when  it  really  had  the 
stamp  of  beauty  upon  it,  it  rose  of  itself  to  the  department  of  high  art 
Let  me  illustrate  what  I  consider  the  danger  to  be  guarded  against 
by  another  example.    'When  you  go  into  a  picture  gallery  now,  and  you 
see  the  portrait  of  ^  man,  why  do  j-ou  care  the  least  who  that  man  was! 
You  see  the  splendid  effect ;  the  countenance,  which  perhaps  has  not  a 
beautiful  feature  in  it,  but  which,  by  the  noble  expression,  by  the  beau- 
tiful tone  of  color,  by  the  majestic  character  thrown  around  the  head, 
by  the  harmony  between  the  parts,  even  by  the  accessories,  is  made  so 
glorious  that  you  can  gaze  upon  it  for  hours.    It  may  be  a  doge,  it 
may  be  a  merchant,  a  soldier,  or  a  prince ;  you  care  not :  you  see  there, 
not  the  portrait,  but  you  see  the  painting  by  Titian,  or  by  Kembrandt, 
or  Vandyke;  and  the  artistic  merit  so  completely  swallows  up  all  the 
idea  of  personality  of  him  who  is  represented,  that,  unless  it  hap)>ens 
to  be  some  one  particularly  known,  you  never  take  the  trouble  of  inquir- 
ing whom  the  painter  represents.    And  why  sol    Because  then  por- 
trait-painting had  not  become  a  distinct  department  of  art.     There  was 
no  such  thing  then  as  a  person  who  called  himself^|a  portrait-painter, 
who  thought  he  could  produce  a  noble  likeness  of  a  man  by  merely  giving 
a  facsimile  of  his  features;  but  portraits  were  paintings  bj-  men  who 
who  could  have  painted  an  historical  painting  of  the  highest  character, 
and  to  whom  it  would  have  been  thought  not  unbecoming  to  commit  tb8 
greatest  artistic  works  imaginable.    But  in  modern  times  the  portrait- 
painter  is  an  entirely  different  person,  and  the  pictures  pro<luce<l  by 
that  class  of  artists  are  unfortunately  of  but  little  value  except  to  those 
who  have  a  personal  interest  in  the  subject  of  the  portrait.     You  kuoir, 
too,  that  every  one  of  these  portraits,  which  cover  such  a  vast  extent  of 
the  wall  of  the  exhibition,  will  be  transferred  to  the  place  of  honor  over 
the  chimney-piece  in  the  house  of  the  owner;  and,  when  his  son  grows 
up,  it  will  be  put  on  one  side,  that  a  portrait  of  the  inheritor  may  take 
its  place:  and  in  the  next  generation  it  will  be  transferred  to  some  other 
more  out-of-the-way  corner  of  the  house,  until  at  last  it  will  find  a  more 
igoomiuious  position  t\ia\iCvR^^\'i3»  dv\§»t^«ito\^^mgup  a  bunghole  to  keep 
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out  the  inclemency  of  the  weather.    From  what  does  this  come  f    Simply 
Jrom  the  attempt  to  divide  art  into  parts — to  say  that  there  shall  be  a  class 
of  men  who  can  do  a  portrait,  but  who  cannot  do  a  historical  or  other 
great  painting.    And  you  find  a  difference  when  some  of  the  great  artists 
of  the  present  day — ^for  there  ar^  some  truly  great  artists  in  England- 
do  put  their  hands  to  what  is  considered  another  department  of  art,  and 
paint  the  portrait  of  a  friend,  or  of  any  one  else  j  it  becomes  in  itself 
a  fine  creation  of  art,  and  it  will  not  i)erish  when  the  person  is  forgotten; 
but  it  will  be  known  by  the  name  of  the  person  who  painted  it,  and  not 
by  the  name  of  the  person  who  sat  for  it.    In  this  way,  too,  high  art, 
when  applied  to  a  lower  branch,  raises  its  clmracter.    This  is  what  ought 
to  be  the  fundamental  basis  of  artistic  education.    If  we  really  mean  to 
make  more  than  improved  designers  or  draughtsmen  for  mechanical 
work,  we  must  have  great  artists  who  are  not  afraid  to  work  mechanically 
at  the  same  time  that  they  are  great  artists;  we  must  have  the  feeling 
that  art  commits  no  unworthy  condescension  in  giving  immediate  assist- 
ance to  the  processes  of  production.    The  famous  artists  of  whom  I 
have  been  speaking  were,  as  we  have  seen,  men  ^yho  worked  at  their 
business,  and  yet  were  not  considered  as  working  men ;  they  were  con- 
sidered as  artists,  and  treated  as  such.    And  it  is  that,  I  am  afraid, 
which  makes  the  great  difference  between  our  time  and  theirs.    Art, 
unfortunately,  is  not  now  considered  so  noble  as  to  give  rank  and  station, 
as  it  did  in  those  days.    I  do  not  mean  that  the  great  artists,  those  who 
devote  themselves  to  what  are  considered  works  of  high  art,  do  not 
receive  patronage  and  countenance,  and  even  high  honor;  but  we  find 
that  in  those  dfiys  such  distinctions  were  bestowed  on  the  artists  them- 
selves in  productive  toil.    There  is  not,  perhapvS,  any  part  of  the  history 
of  art  more  interesting  and  beautiful  than  those  portions  of  Cellini's 
memoirs  which  show  us  the  manner  in  which  he  was  treated ;  he  used 
to  go,  when  he  pleavsed,  to  the  pope  to  take  him  drawings  and  models; 
he  si)eaks  of  going  in  without  even  waiting  to  be  announced — going  in 
the  evening,  after  laboring  all  day  in  his  workshop,  as  a  matter  of  course. 
He  was  treated  iti  the  same  manner  by  the  grand  duke  of  Tuscany,  and 
by  the  king,  Francis  the  First ;  when  he  was  working  for  hiih,  the  king  used 
to  go  at  any  hour  and  visit  him;  and  Cellini  gives  rather  a  characteristic 
anecdote,  proving  how  very  familiar  such  visits  were.    One  djiy,  while 
at  work,  and,  as  usual,  rather  in  ill  temper,  an  apprentice  or  servant  did 
something  which  displeased  Cellini,  and  he  roughly  took  the  youth  by 
the  shoulders  and  pushed  him  across  the  room.    The  apprentice  fell 
against  the  door,  which  was  just  then  opened  by  the  king,  and  he  fell 
fairly  into  the  king's  arms.    Such  was  the  familiar  way  in  which  kings 
and  great  personages  used  to  visit  Cellini,  and  find  him  in  his  apron 
among  his  workmen.    But  I  believe,  myself,  that  it  is  not  patronage 
which  art  wants  in  modern  times.    Patronage  it  has;  you,  gentlemen, 
here,  many  of  you,  I  know,  would  not  scruple  to  go  far  beyond  the  mere 
calculation  of  interest,  were  it  in  our  power  to  raise,  by  your  patronage^ 
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any  one  who  gave  evidence  of  genius,  and  reward  him  as  he  deservei 
•  It  is  not  patronage,  but  honor,  that  art  wants. 

Now,  speaking  of  the  department  to  which  I  have  jnst  alluded,  there 
is  a  passage  worth  quoting  from  Mr.  Ward's  book,  "The  World  and  its 
Workshop,*'  on  the  difference  between  English  and  French  designers  in 
the  textill3  fabrics.    "  France  has  studiously  cultivated  the  art  of  design, 
and  advanced  its  professors  to  the  rank  of  gentlemen ;  in  England,  on 
the  contrary,  with  some  exception,  it  has  been  degraded  to  a  mechanical 
employment,  and  remunerated  at  weekly  wages.    France  has,  in  conae^ 
quence,  a  species  of  industry  to  which  we  have  no  claim — the  pnv 
duction  of  design  for  exportation."    Kow,  having  drawn  these  general 
conclusions,  we  must  come  to  some  practical  applications.    The  first 
that  we  must  avoid  making  too  great  a  separation  between  that  char- 
acter of  art  which  it  is  proposed,  now,  to  impart  to  our  products  and 
the  higher  departments  of  arts.    I  have  observed  that  the  separation 
•f  art  into  two  departments,  high  and  low,  seems  to  be  dangerous, 
and  it  will,  perhaps,  prove  fatal.    You  may  educate  a  great  number  of 
good  designers,  persons  who  will  make  tolerable  drawings,  and  with 
rapidity;  but  the  influence  upon  these  which  are  considered  the  lower 
stages  of  art  must  come,  not  from  below,  but  from  above;  it  is  only  art 
in  its  highest  department  that  gives  the  true  feeling  of  proportion,  the 
right  sense  of  harmony,  whether  in  color  or  in  design,  that  gives  also 
that  sense  and  feeling  of  the  adaption  and  propriety  of  things  to  their 
purpose,  which  is  indispensable.    Any  one  must  be  surprised  at  seeing 
the  extraordinary  combination  of  the  styles  of  different  countries  and 
times  in  our  works  of  art,  from  the  want  of  a  regular  artistic  education. 
I  therefore  think  that  the  first  thing  which  must  be  done  is  to  try  an 
education  which  will  not  give  merely  a  great  degree  of  elementary 
artistic  power,  but  that,  while  we  give  what  may  be  called  the  rndiweuti 
of  art  to  every  one,  if  possible,  so  as  to  give  them  all  the  opportunitr 
of  developing  a  higher  taste  and  power,  if  they  possess  it,  we  must  not, 
in  looking  beyond  that,  satisfy  ourselves  with  the  idea  that  we  can 
educate  a  great  number  of  artisans  to  a  middling  degree  of  artistic 
feeling,  in  the  hope  that  thereby  we  may  influence  the  character  of  onr 
manufactures;  but  we  must  endeavor  to  combine  the  two,  to  bring 
down  the  high  art  to  mingle  with  the  lower,  in  the  feeling  that  it  is  the 
common  interest  and  duty  of  artists  to  improve  the  productive  arts, 
and  to  carry  into  actual  work — not  merely  into  design — the  powers  which 
they  possess. 

The  evidence  of  Mr.  Skene,  before  tiie  committee  of  the  House  of 
Commons,  is  to  the  same  effect.  .  He  and  Mr.  Potter,  and  every  other 
writer  I  have  seen,  agreed  that  we  are  not  equal  with  the  French  in  the 
more  delicate  operations  of  art  applied  to  manufactures,  and  es[>eciall.v 
in  textile  fabrics;  and  he  gives  this  reason:  *'The  system  of  Francois 
very  different  from  that  of  this  country-,  because  in  France  artists  of  the 
first  eminence  employ  tVi^Vt  Wm^ — ^ovid  \sva.kft  it  a  most  profitable  part 
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of  their  eaiployment — in  pattern-drawing,  and  tbey  are  paid  very  bigli 
prices  by  the  manufacturers."  This,  tlfen,  accounts  for  everything, 
because  it  is  the  union  of  high  art  in  design  with  manufacture  that 
makes  the  French  superior.  The  evidence  of  M.  Coquerel,  who  is 
himself  an  eminent  architect  and  designer,  shows  that  a  distinguished 
artist,  who  became  president  of  the  French  Academy  of  Arts  at  Eome, 
and  one  of  the  first  of  his  day,  was  employed  at  Sevres,  in  the  china 
manufacture;  and  he  states,  also,  that  of  fourteen  or  fifteen  French 
artists  of  the  first  rank,  educated  at  Eome,  with  whom  he  was  acquaint- 
ed, many  were  scattered  through  France  assisting  in  the  different 
manufactures.  Finding  the  market  for  the  highest  class  of  artistic  works 
so  limited,  and  so  full,  these  men,  instead  of  sinking  into  despair  or  com- 
mitting suicide,  as  has  been  seen  in  similar  cases,  turned  their  high 
talent  to  the  assistance  and  improvement  of  manufactures ;  and  they  are 
not  thought  to  have  dishonored  themselves  by  doing  this ;  nor  is  it  con- 
sidered their  superior  education  was  thrown  away  upon  them  in  quali- 
fying them  for  the  posts  they  now  occupy.  Why  should  it  not  be  so 
here!  Let  any  one  go  into  the  exhibition  of  paintings  in  London,  and 
look  around  the  walls;  he  will,  perhaps,  find  only  a  small  number  of 
artists  who  can,  with  any  hope  of  advancing  themselves  in  the  path  to 
eminence,  continue  in  what  they  may  consider  the  highest  department 
of  art;  and  I  cannot  but  think  there  are  many  in  distress,  persons  who 
might  be  making  an  honorable  livelihood,  if  they  would  apply  their 
talents  to  what  they  would  wrongly  consider,  perhaps,  a  degrading 
employment,  but  which  is  most  honorable — the  improvement  of  art  in 
its  productive  department. 

The  second  step  which  seems  to  me  of  the  greatest  importance,  is  to 
familiarize  the  people  with  art.  This  I  know  is  a  very  trite  topic,  and 
one  which  can  hardly  be  considered  to  require  from  us  mucfi  attention. 
I  know  it  is  proposed  to  make  museums  in  every  part,  and  I  think  that 
excellent.  But  we  must  observe  how  it  is  that  that  familiarity  with  art 
has  been  obtained  by  other  people;  it  has  been,  not  so  much  by  having 
places  to  which  people  were  to  go  to  see  art,  but  by  rendering  it  familiar 
everywhere  to  their  eyes.  The  ancient  Greeks,  proceeding  from  other 
considerations,  which  we,  a«  Christians,  could  not  for  a  moment  wish  to 
have  considered,  such  as  the  public  spectacles,  and  feasts,  and  ceremonies 
of  Greece,  filled  their  whole  country  with  w^orks  of  art.  Any  one  that 
will  read  the  works  of  Pausanias,  or  the  first  book  alone,  will  see  how 
impossible  it  was  for  an  Athenian  to  go  ten  yards  in  any  direction  in 
the  city  without  seeing  some  \jeautiful  work  of  art.  On  every  side  there 
were  monuments,  and  statues,  and  temples,  of  the  most  beautiful  work- 
manship and  design;  and  the  people  became  impregnated  with  the  sense 
of  artistic  beauty;  and  therefore  wlwevevj  even  a  mechanic, put  his  hand  to 
any  worJc,  worked  under  tlie  influence  of  tliat  feeling.  In  a  later  period,  in 
Eome,  there  was  the  same  plan  of  filling  the  public  buildings,  the  streets 
and  squares  of  the  city,  with  sculptured  monuments  and  with  paintings 
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hung  np  so  that  the  people  could  gaze  on  them;  and  Pliny  gives  us  a 
long  list  of  paintings  put  u^)  by  different  emperors;  and,  byway  of 
showing  what  was  thought  by  the  Romans  of  our  northern  ancestors, be 
says,  that  among  those  paintings  on  the  walls  of  the  Forum  there  was 
one  of  a  shepherd;  and  when  a  German  ambassador  came  to  Rome,  he 
was  asked  at  what  price  would  Jw  value  that  picture! — which  shows 
that  it  was  considered  by  the  Romans  to  be  worth  a  high  price,  quite 
beyond  a  German's  estimate;  he,  having  so  little  idea  of  art  that  he  did 
not  consider  that  question  applicable  to  any  possible  artistic  merit,  said, 
"Why,  I  w^ould  not  have  the  man,  if  he  were  alive  and  breathing,  if  yoa 
would  give  him  to  me,*' — he  considering  it  was  the  value  of  the  man,  as 
a  servant,  and  not  of  the  picture,  that  he  was  to  regard.     In  a  later  age, 
at  Florence,  Yasari  tells  us  how  he  and  Michael  Angelo,  and  other 
artists,  used  to  meet  together,  and  then  go  from  church  to  church  to 
sec  the  beautiful  works  of  art  in  each,  and  then  to  discuss  and  criti- 
cise them.    In  the  middle  ages  it  was  the  Clmrchj  no  doubt,  which  gave 
to  public  admiration  the  specimens  of  fine  art,  and  kept  them  before 
the  minds  of  all,  and,  in  fact,  made  the  people  be  artists.    The  conse- 
quence of  this  was,  thjit,  as  Cellini  tells  us,  when  his  statue  of  Perseus, 
after  having  been  finished,  was  put  into  a  public  place,  and  when  he 
uncovered  it  for  the  first  time,  "It  so  pleased  God,  that,  as  soon  as  ever 
my  work  was  beheld  by  the  populace,  they  set  up  so  loud  a  shout  of 
applause,  that  I  began  to  be  comforted  for  the  mortifications  I  had 
undergone;  and  there  were  sonnets  in  my  praise  every  day  fastened  up 
on  the  gate,  and  the  very  day  I  finished  my  work  twenty  more  sonnets 
were  set  up,  with  the  greatest  praises  of  the  work,  and  Latin  and  Greek 
poems  were  published  on  the  occasion."    So  well  had  the  Italian  public 
learned  how  to  appreciate  a  noble  work  of  art! 

jSow,  I  look  forward  w  ith  no  small  expectation  to  what  will  be  done 
by  the  new  exhibition  which  is  preparing,  (this  refers  to  the  Manchester 
exhibition,)  because  I  know  that  great  pains  have  been  taken  to  collect 
casts  and  copies  of  whatever  is  most  beautiful  in  every  department  of 
art,  beginning  with  the  most  remote  period,  down  to  the  present  time; 
and  if  it  be  really  open  to  the  public,  and  if,  especially,  it  be  oi>en  for 
some  portion,  at  least,  of  that  day  on  whkh  alone  tlie  artisan  can  enjoy  itj 
then  I  am  sure  it  will  do  more  to.ward  raising  the  feeling  of  the  people 
for  art,  and  consequently  toward  introducing  an  improved  practice, 
than  any  set  of  lessons  Or  any  teaching  could  do.  A  very  strong  remark 
is  made  by  Dr.  Waagen,  before  that  committee,  when  asked  if  they  shut 
up  the  museum  at  Berlin  as  they  do  in  England,  at  certain  times,  to 
enable  artists  to  copy ;  he  says,  '*By  no  means,  because  I  believp  art  is 
far  more  promoted  by  the  people  seeing  it  than  it  is  by  any  number  of 
artists  making  copies."  But  it  appears  to  me  there  has  been  a  deficiencn 
in  tJie  general  education  among  us  in  the  matter  vf  artistic  culture.  I  can- 
not but  be  struck  with  this  when  I  see  that  among  all  the  colleges  and 
schools  belonging  to  tM^  covmiU^^s^o  respectable  and  richly  endowed, 
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{here  is  not  one  of  them^  so  far  as  I  Jcnoic^  which  has  made  any  collection  or 
museum  that  might  train  the  yowig  men  icJio  are  educated  titer e  in  a  famil- 
iarity with  art.  I  do  not  tbink  any  college  in  either  of  our  universities, 
Eton,  or  any  of  the  schools,  keeps  before  the  eyes  of  its  young  men  exam- 
ples of  painting,  sculpture,  and  of  other  arts  of  design,  which  might 
accustom  them  during  their  early  years  to  admire  and  appreciate  art, 
and  thus  to  contribute  afterward  their  influence  to  elevate  its  character. 
At  the  same  time,  I  must  observe  with  sincere  pleasure  that  this  is  not 
the  case  with  our  Catholic  colleges;  that,  poor  and  unendowed  as  they 
are,  there  is  not  one  of  them  which  has  not  striven,  at  the  same  time 
while  it  has  provided  itself  with  a  library,  far  beyond  the  proportion  of 
its  means,  if  compared  with  what  others  have  done,  to  provide  also  some 
works  of  art,  and  keep  them  constantly  before  the  students.  At  Stony- 
hurst  there  are  many  beautiful  things,  carving,  lapidary,  silver-work, 
and  jewelry,  especially  for  church  purposes.  Ushaw,  or  St.  Cuthbert's 
College,  near  Durham,  is  another  instance;  the  walls  there  are  covered 
with  paintings,  many  of  excellent  masters,  and  engravings  of  great 
beauty ;  there  is  a  museum  filled  with  specimens  of  art ;  the  sacristy  of  the 
chapel  is  growing  with  proofs  of  the  encouragement  given  there  to 
modern  artists,  as  well  as  with  carefully-collected  specimens  of  ancient 
art.  ' 

I  maj'  be  allowed  to  revert  also  to  the  days  which  I  spent  in  St.  Mary's 
College,  at  Oscott.  There,  through  the  munificence  of  a  departed  noble- 
man, and  under  the  guidance  of  the  refined  taste  of  the  gi'eatest  artist  of 
this  day,  because  a  practical  disciple  of  all  the  arts — Mr.  Pugin — there 
was  collected  a  museum  which  would  have  been  worthy  of  a  larger  estab- 
lishment ;  beautiful  specimens  of  carving,  of  enameling,  and  metal-work 
of  everj^  sort,  so  valuable  that  persons  were  sent  from  the  department  of 
practical  art  on  purpose  to  make  molds  and  copies  of  the  specimens;  and 
almost  all  the  cloisters  were  covered  with  paintings,  some  by  verj-  respect- 
able artists,  and  others  good  coi)ies.  The  students  were  thus  brought 
np  in  familiarity  with  choice  objects  of  art,  which  has  had  an  influence 
upon  theu'  lives  since,  and  induced  them  to  patronize  and  encourage  art. 
That  collection,  moreover,  was,  in  the  most  liberal  way,  thrown  open  to 
every  one  who  chose  to  come  and  visit  us;  we  never  saw  any  feeling  of 
narrow  i)artisanship  or  exclusiveness  of  religious  distinction;  the  house 
used  to  be  visited  every  day  by  i)arties  of  people  from  the  neighborhood ; 
and  nothing  gave  me  greater  pleasure  than  to  see  the  young  men  who 
used  to  come  there,  and  who  were  permitted  to  walk  freely  through  the 
house.  There  was,  at  no  great  distance,  a  very  considerable  establish- 
ment for  education,  richlj'  endowed,  and  having  everything  that  could 
encourage  the  study  of  literature ;  but  it  did  not  possess,  as  it  appeared, 
a  single  object  of  artistic  interest  within  its  walls ;  and  often  did  the 
students  of  that  establishment  come  up  to  St.  Mary's  and  roam  freely 
through  it,  and  receive  every  courtesy.  And  tliat  was  at  a  time  when 
Oscott  was  considered  almost  the  cente**  of  a  strong  proselytizing  tft.\3L- 
dency,  and  I  know  that  personally  I  was  mueVi  moie  e.n^'a.g^^vo^  ^i^roNxftr 
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versy  then  than  I  am  at  tUe  present  moment;  and  it  was  pleasing:, 
therefore,  to  see  that  there  was  no  feeling  on  the  subject  which  could 
make  it  be  apprehended  as  unpleasant  for  those  young  men  to  come  to 
us.  Bodies  of  those  young  men  used  to  come  to  St.  Mary's  with  letters 
from  their  principal,  couched  in  the  most  courteous  terms,  asking,  a«a 
favor,  that  his  students  might  be  allowed  to  attend  the  establishment 
which  could  have  very  little  other  merit  to  many  than  as  it  was  filled 
with  works  of  art  5  and  on  one  occasion  he  informed  me  that,  when  any 
of  the  students  of  his  house  were  particularly  well-conducted,  and  had 
especially  distinguished  themselves,  the  best  reward  he  could  givetbem 
was  to  send  them  with  a  letter  to  us,  to  come  and  see  Oscott  College. 
Xow,  it  will  give  you  all  pleasure  to  know  that  this  generous,  liberal,  and 
gentlemanly-minded  individual,  the  head  of  that  neighboring  college, 
was — the  Rev.  Prince  Lee. 

One  thing  more,  I  will  observe,  is  important — that  we  must  not  nar 
row  tlie  sphere  of  art,  Tliere  is  a  tendency  to  do  so  in  thi^  practical  sckemi 
of  education.  I  observed  in  the  late  report,  which  may  be  considered 
as  a  programme  of  the  department  of  practical  art,  that  there  are 
prizes  proposed  for  artistic  designs  in  three  dififerent  departments— for 
printed  garments,  fabrics  for  carpets,  and  for  paper-hangings.  Now, 
one  of  the  conditions  of  the  four  drawings  to  be  sent  in  to  comi>etefor 
the  prize  in  all  three  instances  is  this :  ^' the  designs  to  be  flat,  not  imita- 
tive, but  conventional,  without  relief,  shadow,  or  persi>ective.''  Now, 
that  is  the  mediaeval  principle,  and  cannot  apply  to  other  styles  of  art; 
and  you  are  narrowing  the  sphere  of  art  if  you  dictate^  as  a  necessary  ruk 
of  all  designs  in  those  three  departments  of  productive  art,  that  there 
shall  not  be  relief  or  perspective  in  the  painting;  that  the  flowers  must 
all  be  of  one  color,  and  that  thei^e  must  be  no  shadow,  and  no  attempt 
to  copy  nature,  but  that  the  forms  must  be  all  "conventional,"  that  is, 
such  as  a  rose  spread  out  into  four  parts,  with  a  point  between  them, 
and  the  lily  changed  into  a  fleur-de-lis,  and  no  natural  forms  to  be  truly 
imitated.  Now,  it  is  folly  to  think  of  competing  with  French  art  if  our 
artisans  are  to  be  educated  on  that  principle,  because  the  beauty  of  de- 
sign where  nature  is  copied — where  the  flower  glows  in  its  own  colors- 
will  carrj'  the  taste  of  the  public,  and  I  think  rightly,  in  preference  to  a 
series  of  flat  and  unshaped  designs.  I  think  it  is  a  wrong  principle;  awl 
why  f  Artists  will  tell  you  that  the  carpet  is  nothing  moi-e  than  a  hack- 
ground  for  the  furniture;  that  the  hanging  of  a  wall,  paper  or  whatever 
it  may  be,  is  nothing  but  a  background  for  the  furniture ;  and  therefore 
that  these  must  be  quiet  and  of  a  lower  tint,  with  nothing  brilliant,  and 
no  attempt  at  the  representation  of.  natural  objects.  Now,  I  deny  this 
principle;  they  are  not  background.  The  papering  of  the  wall  is  in  the 
place  of  the  ancient  painting  on  the  wall ;  and  I  do  not  see  why,  if  yoa 
only  avoid  whatever  may  offend  the  eye — such  as  false  perspective- 
there  should  not  be  all  the  beauty  and  glow  of  natural  objects  given  to 
the  j)ictured  papermg  o^  tAi^  w^VV.  1^  ^v^  wcc  to  collect  museums,  to  put 
before  our  young  artists  s]^ec\mevi^  iic^tsi  XXjl^  ^"saxxiXXx^^^  ^s.  ^v5^a^^ 
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'tUen  to  tell  tbem  tbat  these  wall  paintings  are  done  on  a  false  principle, 
l)ecause  tbey  are  good  representations  of  natural  objects,  and  not  merely 
conventional  drawings,  bow  are  we  consistent!  And  if  you  tell  a  young 
man  wbo  designs  patterns  for  carpets  tbat  tbere  must  be  notbing  tbere 
which  would  not  be,  naturally,  in  sucb  a  position — tbat  tbere  must  be  no 
sky  or  flowers  tbere — then  you  go  to  make  it  a  mere  pavement  and  notb- 
ing better.  I  should  say  tbat  the  real  carpet  should  take  the  place  of 
the  ancient  mosiiic.  The  ancients  thought  it  not  amiss  to  represent  whole 
scenes  on  their  pavement,  with  sky  and  rivers,  men  and  horses;  and  Pliny 
tells  us  there  were  many  celebrated  men  for  this  sort  of  work  in  Greece; 
but  the  most  celebrated  of  all  was  Sosias ;  and  he  says  among  bis  other 
works  at  Pergamus  there  was  a  remarkable  one  which  was  called  '^  The 
Unswept  House."  It  was  a  representation  which  certainly  does  not  give 
us  a  very  good  idea  of  cleanliness  of  domestic  habits — of  a  floor  on  which 
all  sorts  of  refuse  had  been  left  to  lie  about,  fragments  of  meat,  and  the 
shells  of  crawfish,  and  everything  which  untidy  people  might  leave  after 
their  meals.  Such  were  the  notions  the  ancients  had  of  designs.  I 
should,  therefore,  be  inclined  to  fear  that  if  ice  began  to  deal  with  art 
upon  a  too  confined  hash^  and  on  principles  which  belong  only  to  one 
period  of  the  history  of  art,  and  if  we  now  insist  on  their  being  made  the 
sole  basis  of  artistic  education,  ice  sJuill  produce  cramped  and  narrow- 
minded  artists,  and  never  enable  them  to  take  advantage  of  the  great 
classical  patterns  to  improve  their  taste. 

In  concluding,  I  think  among  the  greatest  errors  that  language  has 
imposed  upon  us,  tbere  is  none  more  remarkable  than  the  sort  of  antag- 
onism which  is  established  in  common  language  as  between  nature  and 
art.  We  speak  of  art  as  being,  in  a  certain  manner,  the  rival  of  nature 
and  opposed  to  it ;  we  contrast  tbem — we  speak  of  the  superiority'  of 
nature,  and  depreciate  art  as  compared  with  it.  On  the  other  hand, 
tchat  is  art  hut  tlie  effort  that  is  made  by  human  skill  to  seize  tipon  the  tram- 
itory  features  of  nature,  to  give  them  the  stamp  of  perpetuity  f  If  we 
study  nature,  we  see  that  in  her  general  laws  she  is  unchangeable ;  the 
year  goes  on  in  its  course,  and  day  after  day  pass  magnificently  through 
the  same  revolutions.  But  there  is  not  one  single  moment  in  which 
either  nature,  or  anything  that  belongs  to  her,  is  stationary.  The  earth, 
the  planets,  and  the  sun  and  moon,  are  not  for  any  instant  in  exactly 
the  same  relation  mutually  as  they  were  in  another  instant.  The  fiice 
of  nature  is  constantly  changing;  and  what  is  it  that  preserves  that  for 
us  hut  art,  which  is  not  the  rival,  hut  the  child,  as  icell  as  the  handmaid,  of 
nature  f  You  find,  when  you  watch  the  setting  sun,  bow  beautiful  and 
how  bright  for  an  instant !  then  how  it  fades  away !  the  sky  and  sea  are 
covered  with  darkness,  and  the  departed  light  is  reflected,  as  it  had 
been  just  now  upon  the  water,  still  upon  your  mind.  In  tbat  one  evan- 
escent moment  a  Claude  or  a  Stanfield  dips  bis  pencil  in  the  glowing 
sky,  and  transfers  its  hue  to  bis  canvas;  and  ages  after,  by  the  lamp 
of  night,  or  in  the  brightness  of  the  morning,  we  can  contemplate  that 
evening  scene  of  natarCy  and  again  renew  in  owi^e\\e^  ^  Va^  ^\as55Cv5^^ 
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wliicli  tbe  reality  could  impart.  And  so  it  is  with  every  other  object 
Each  of  us  is,  but  for  the  present  moment,  the  same  as  be  is  in  tliis 
instant  of  his  personal  existence  tbrough  which  he  is  now  passing.  He 
is  the  child,  the  boy,  tbe  man,  the  aged  one  bending  feebly  over  tbe  kst 
few  steps  of  his  career.  You  wish  to  possess  him  as  he  is  now,  in  his 
youthful  vigor,  or  in  the  maturity  of  his  wisdom,  and  a  Rembrandt  or 
a  Titian,  or  a  Herbert  seizes  that  moment  of  grace,  or  of  beauty,  or  of 
sage  experience :  and  he  stamps  indelibly  that  loved  image  on  his  can- 
vas ;  and  for  generations  it  is  gazed  on  with  admiration  and  with  love. 
TTe  muM  not  pretend  a  fight  against  nature^  and  say  tlmt  we  icill  make  art 
different  from  what  site  is.  1  will  read  you  some  beautiful  lines,  vhicb 
show  how  our  art  must  be  derived  from  nature.  I  translate  them  from 
the  excellent  poem  of  Schiller,  addressed  to  artists : 

The  choicest  blossom  which  the  parterre  warms> 

III  one  rich  posy  skiUfully  combined — 
Suchy  infant  Art  crept  first  from  Nature's  arms : 

Then  are  the  posies  in  one  wreath  entwined. 
A  second  Art,  in  manlier  bearing,  stands, 
Fair  work  of  man,  created  in  his  hands. 

I  believe  the  idea  of  these  beautiful  lines  is  taken  iirom  the  anecdote 
which  Pliny  has  preserved  to  us  of  the  contest  of  art  between  Paosias 
the  painter  and  Glycera  the  flower-girl ;  she  used  to  combine  her  flowers 
with  such  exquisite  beauty  that  they  excited  the  admiration  of  the  chief 
of  artists,  and  he  did  not  think  it  beneath  his  art  to  copy  on  the  can 
vas  the  operation  of  her  naturally-instructed  fingers ;  and  then  she,  in 
her  turn,  again  would  rival  the  picture,  and  produce  a  more  beautiful 
bouquet  still ;  and  the  painter,  with  his  pencil,  would  again  rival  her, 
and  produce  by  his  art  the  same  effect  as  she  had  done  with  the  flowers 
of 'nature.  Let  us  therefore  loolc  on  art  but  as  the  highest  ima{fe  that  can  he 
made  of  nature.  Consequently,  while  religion  is  the  greatest  and  noblest 
mode  in  which  we  acknowledge  the  magnificent  and  all- wise  majesty  of 
God^and  what  he  has  done  both  for  the  spiritual  and  the  physical  exist- 
ence of  man,  let  us  loolc  upon  art  as  but  the  most  graceful  and  natural  trib- 
ute of  homage  we  can  pay  to  Him  for  tJie  beauties  which  Jie  has  so  latUklji 
scattered  over  creation.  Art,  then,  is  to  my  mind,  and  I  trust  to  you  all, 
a  sacred  and  a  reverend  thing,  and  one  which  must  be  treated  with  all 
nobleness  of  feeling  and  with  all  dignity  of  aim.  We  must  not  depress 
it;  the  education  of  our  art  must  always  be  tending  higher  and  higher; 
we  must  fear  the  possibility  of  our  creating  a  mere  lower  class  of  artists 
which  would  degrade  the  higher  departments,  instead  of  endeavoring  to 
blend  and  harmonize  every  deimrtment,  so  that  there  shall  cease  to  exkt 
in  tlie  minds  of  men  the  distinction  between  high  and  low  art.  I  will  con- 
clude with  another  beautiful  sentiment  from  the  same  poem : 

The  bee  may  teach  thee  an  industrious  care ; 
The  worm,  in  skiU,  thy  master  thou  must  own ; 
With  higher  spirits,  mddom  thou  dost  share, 
But  Art,  O  maktiX  \i'(>j^  lliou  ^Qi\i&« 
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By  M.  Babixet,  of  the  Institute  of  France, 


Translated  for  the  Smithsonian  Institution 

BY  JOHN  STEAKNS,  M.  D. 

Tlie  diamond,  called  by  the  Greeks  '^  adamas,"  from  its  hardness  and 
infrangibility,  has  attracted  the  attention  of  amateurs  of  precious  atones 
from  the  most  remote  antiquity. 

In  regard  to  hardness,  says  Lucretius,  diamonds  are  placed  in  the 
first  rank,  as  they  resist  the  blow  of  a  hammer. 

^^Adamantina  saxa 
Prima  acie  constant,  ictus  contemnere  sueta." 

The  second  of  these  peculiarities  is  much  more  easily  contested  than 
the  first ;  for  notwithstanding  all  the  fabulous  assertions  of  ancient 
authors,  the  diamond,  which  scratches  all  other  bodies  and  can  be 
scratched  by  none,  is  easily  broken  by  percussion,  and  is  susceptible  of 
cleavage,  that  is  to  say,  of  being  readily  divided  by  pressing  steadily  the 
sharp  blade  of  a  steel  instrument  in  the  direction  of  the  natural  seams 
of  the  stone. 

When  the  rude  Helvetians  captured  the  treasures  which  were  found 
in  the  tent  of  Charles  the  Bold,  more  sumptuous  than  those  of  the  King, 
they  divided  with  their  hatchets  some  of  the  diamonds  of  this  prince,  to 
the  great  detriment  of  their  value,  as  the  entire  stones  were  worth  much 
more  than  the  pieces  into  which  they  were  divided.  If  we  examine  the 
many  compilations  from  the  ancients  made  at  the  time  of  the  renaissance, 
we  shall  find  a  mass  of  undigested  learning  on  the  subject  of  gems. 
^Notwithstanding  the  uncertainty  of  the  names  which  he  applies  to  many 
of  the  precious  stones,  Pliny  is  still  highlj^  esteemed  as  a  compiler  from 
ancient  works  now  lost,  and  as  an  author  of  the  first  class.  It  was  he 
-who  dared  to  undertake  the  composition  of  a  history  of  nature  analogous 
to  what  had  been  done  before  his  time  in  regard  to  nations.  The  term 
natural  history  has  become  so  familiar  to  us  that  the  idea  it  conveyed, 
namely,  a  history  of  all  things  that  contribute  to  make  up  a  world, 
minerals,  vegetables,  and  animals,  has  almost  entirelj^  lost  the  original 
magnitude  of  its  signification.  And  in  this  connection  it  is  worth  while 
to  i)ause  for  a  moment  to  remark  that  science  in  its  progress,  as  it  has 
become  more  real  and  important,  has  gradually  become  more  and  more 
modest.  Where,  as  with  the  Greeks,  the  word  nature,  physisj  signified 
the  generation  or  origin  of  beings,  with  us  it  is  restricted  to  the  system 
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century,  gave  many  years  of  his  life,  and  out  of  this  study  created  a 
new  science,  one  of  the  titles  to  glory  of  the  human  mind. 

Pythagoras  and  Plato  had  without  doubt  given  attention  to  crystol- 
lography,  since  in  their  schools  they  announced  the  marvelous  propo 
sitiou  that  nature,  in  the  depths  of  her  recesses,  occupies  herself  with 
geometrical  problems,  and  that  God  geomelrizes  incessantly^ 

The  old  alchemists  contended  that  the  philosopher's  stone  could  be 
produced  from  the  commonest  substance  possible,  and  nature  seems  to 
have  favored  this  idea  in  producing  the  most  costly  gems  from  the  most 
worthless  materials.  She  converts,  as  we  have  seen,  a  small  quantity 
of  black  and  friable  carbon  into  a  transparent  diamond  of  a  hardness 
and  brilliancy  unequaled.  She  takes  a  little  of  the  glazing  which  the 
potter  uses  in  his  ordinary  operations,  and,  coloring  it  with  a  trace  of 
iron,  produces  a  ruby  or  a  sapphire.  From  a  little  worthless  x)ebble,  with 
slight  additions,  she  forms  the  topaz,  the  emerald,  and  the  amethyst 
Some  of  the. last-named  gems  have  been  reproduced  in  the  furnaces  of 
Sevres  in  the  same  manner,  without  doubt,  as  nature  has  elaborated 
them,  in  her  vast  volcanic  workshops,  by  those  mysterious  operations 
which  liave  given  to  Vesuvius  the  title  of  the  great  crystal  manufactory. 
Every  one  knows  of  the  sarcasm  with  which  Rousseau  reproached  the 
chemist  Rouelle,  demanding  of  him  that  he  should  produce  corn  from 
the  chemical  materials  of  which  it  was  composed,  rather  than  destroy 
that  already  made  in  its  analysis.  What  would  he  say  if  he  bad  seen  the 
chemist  produce  carbon  from  the  diamond,  as  readily  as  from  a  bit  of 
wood  or  sugar,  while  he  was  powerless  from  the  carbon  to  create  the 
precious  gem  f 

It  might  seem  at  first  sight  that  those  countries  containing  diamond 
mines,  or  mines  of  crystallized  carbon,  were  the  most  favored ;  but  this  is 
far  from  being  the  case.  The  mines  of  Golconda,  and  of  Visapour  in 
India,  of  Brazil,  of  the  Ural,  and  of  Borneo,  are  not  worth  a  moiety  of 
those  deposits  of  coal  with  which  riature,  a  little  parsimonious  in  regard 
to  France,  and  still  more  so  toward  the  vast  territory  of  Russia,  has 
endowed  Belgium,  England,  and  to  an  immense  extent  the  United  States. 

By  way  of  illustration,  we  can  state  that  England,  with  all  her  wealth, 
does  not  import  precious  stones  of  a  value  greater  than  twelve  or  thir- 
teen millions  of  francs,  while  her  mines  of  coal  yield  a  value  of  five  hun- 
dred millions  of  francs  per  annum.    How  precious  is  this  coal! 

The  diamond  is  commonly  found  imbedded  in  a  sort  of  reddish  cement 
Sometimes  the  rock  containing  them  requires  to  be  broken,  and  often 
the  sand  at  the  base  of  torrents,  or  the  earth  which  has  received  the 
waste  of  diamond-bearing  rocks,  is  gathered,  and  submitted  to  frequent 
washings  by  machinery,  to  exclude  the  gravel  and  stones  prior  to  the 
hand-washing  which  secures  the  gem. 

Diamonds  are  always  found  covered  by  a  rough  coat,  which  is,  in  fact, 
the  product  of  the  chemical  action  of  the  crystalline  formation.    Nearly 
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all  the  other  erystuls,  and  especially  those  of  quartz,  are  much  more 
brilliant  in  their  natural  state.  Had  Socrates,  who  regarded  the  natural 
man  as  a  block  of  marble,  from  which  art  can  create  a  beautiful  statue, 
known  of  the  transformation  created  by  the  cutting  of  the  rough  dia- 
mond, he  would  certainly  have  preferred  this  comparison.  The  dif- 
ference, however,  in  money  value  between  the  cut  and  the  uncut  diamonil 
is  not  so  great  as  might  be  supposed.  For  if  the  rough  diamond  loses 
half  its  weight  by  cutting,  on  the  other  hand,  its  value  is  doubled  by 
the  operation,  without  estimating  the  dust  remaining,  which  has  a 
value  in  the  arts  from  its  being  employed  in  polishing  many  gems  as 
well  as  the  diamond  itself. 

The  ancients  do  not  appear  to  have  had  a  suspicion  that  the  diamond 
could  be  cut.  They  only  knew  it  in  its  natural  condition  as  a  stone, 
having  eight  triangular  surftices,  and  in  every  direction  presenting  a 
double  pyramid. 

Louis  de  Berqueu,  an  artist  of  Bruges,  about  the  middle  of  the  fifteenth 
century-,  conceived  the  idea  of  cutting  it  at  first  by  rubbing  two  diamonds, 
one  against  the  other.  If,  in  fact,  we  cement  two  diamonds  on  wooden 
handles,  and  rub  point  against  point,  we  shall,  little  bj'  little,  grind  them 
away,  and  obtain  an  artificial  unpolished  surface.  To  polish  this  surface 
we  must  use  a  circular  plate  of  steel  or  of  cast  iron,  like  a  grindstone, 
placed  horizontally.  But  it  is  easy  to  see  that  if  a  diamond  is  merely 
placed  against  this  grindstone,  it  would  require  a  centurj^  to  produce  a 
polished  surface.  All  that  can  be  obtained  by  this  process  are  grooves 
cut  in  the  iron  or  steel.  To  effect  the  desired  object,  a  happy  tliought 
suggested  itself  to  Berqueu  to  sprinkle  the  surface,  against  which  the 
diamond  was  rubbed,  with  diamond  dust  mixed  with  oil.  The  surface 
obtained  in  this  way  is  regular,  smooth,  and  perfectly  polished.  After 
the  discovery  that  facets  could  be  produced  in  the  diamond,  experience 
indicated  in  each  case  how  a  particular  stone  should  be  cut  to  produce 
the  most  a<lvantageous  effect. 

There  are  two  principal  styles  of  cutting.  The  first  is  called  the 
brilliant  In  order  to  produce  this  style,  the  diamond  to  be  cut  must  be 
pointed.  If  not  naturally  in  this  form,  it  must  be  reduced  to  it  artificially. 
The  points  on  the  upper  surface  are  ground  down  a  little  more  than  one- 
half,  and  those  on  the  lower  or  under  surface  one  eighth.  Then  the  light, 
entering  through  the  larger  upper  surfiices,  strikes  the  bottom  surfaces, 
is  reflected  backward,  traverses  the  side  facets,  is  refracted,  and  produces 
prismatic  effects.  Every  one  knows  what  is  the  result  when  white  light 
is  decomposed  into  the  colors  of  the  rainbow,  and  coming  to  the  eye, 
with  every  varietj'  of  hue,  produces  what  is  called  the  luster  of  the 
diamond.  For  this  effect  the  light  should  not  be  voluminous,  for  there 
might  be  neutralization  of  these  colors,  and  white  light  be  reproduced. 
Nor  should  the  facets  be  too  large,  for  then  the  eye  would  receive  all 
these  colors  at  once,  which  would  also  reproduce  white  light. 

The  large  diamonds,  the  Regent,  belonging  to  the  crown,  o^  ^^^ws^fc^ 
!^28 
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and  the  Kah-i  noor,  belonging  to  that  of  England,  are  cut  with  faceU 
too  large,  and  not  sufficiently  numerous.  It  would  have  been  better  if 
the  large  upper  surface,  called  the  tablCj  had  been  cut  in  a  series  of 
smaller  facets,  made  to  slope  toward  the  edge,  as  is  done  for  small 
colored  stones. 

The  following  is  m^'  method  of  studying  the  effect  of  a  diamond:  1 
pierce  a  hole  in  a  white  card  a  little  larger  than  the  diamond  to  be  ex 
amined.  Then  passing  a  ray  of  sunlight  or  that  of  the  electric  lamp 
through  this  hole,  I  place  the  stone  in  the  path  of  this  niy,  at  a  certain 
distance  from  the  hole,  behind  the  card,  so  that  it  shall  receive  the  light 
on  the  table  of  its  anterior  surface.  The  rays  reflected  from  the  table, 
and  also  those  which  pass  through  into  the  diamond,  are  reflected  Imck 
on  the  card,  where  they  exhibit  a  white  image  of  the  table,  surroundetl 
by  small  bands  iridescent  with  all  the  prismatic  colors.  Now,  if  the 
colors  are  considerable  in  number,  well  separated,  and  equally  spreail 
around  the  white  reflection  of  the  liable,  the  diamond  has  been  well  cm. 
Each  of  the  bands  indicates  one  of  the  lusters  of  the  stone,  which  mav 
therefore  be  counted,  and,  consequently,  in  this  way,  the  number,  the 
quality,  and  the  symmetry  of  the  lusters  can  be  determined  ;  errors  in 
cutting  can  be  detected;  and  the  form  to  produce  the  best  effect  can  be 
ascertained.  I  have  always  intended  to  undertake  by  this  method  the 
study  of  the  principal  diamonds  of  France,  but  have  always  postponed 
it,  being,  like  Homer,  too  much  pressed  with  other  work. 

The  second  kind  of  cutting  is  called,  for  what  reason  I  know  not,  the 
rose.  It  consists  in  leaving  a  large,  smooth  surface  underneath,  and  in 
covering  the  upper  surface  with  a  great  number  of  small  facet^s,  in  order 
to  produce  on  the  face,  by  the  reflection  from  below,  lusters  and  colors 
similar  to  those  of  the  brilliant.  This  cutting  is  used  for  stones  of  a 
flat  form,  the  weight  of  which  would  be  too  much  diminished  in  redoc 
ing  them  to  the  form  of  the  brilliant.  In  this  manner  the  great  Indian 
diamond  of  England  was  originally  cut,  before  it  was  presented  to  the 
Queen  ;  in  cutting  it  a«  a  brilliant  it  has  been  reduced  from  18C  to  abont 
103  carats.  It  is  scarcely  necessary  to  say  that,  by  the  process  I  have 
given,  the  rose-cutting  can  be  as  well  verified  as  that  of  the  brilliant 
In  both,  large  facets  should  be  avoided  even  for  the  larger  diamoadfs 
As  to  the  identity  of  the  diamond  known  as  the  "  Sancy,-'  the  name  of 
one  of  the  captains  of  Henry  the  Fourth,  thei*e  is  no  agreement  amoDg 
connoisseurs.  All  the  diamonds  which  pretend  to  this  name  weigh  from 
55  to  70  carats,  and  are  cut  in  the  form  of  a  flattened  pear,  almost 
round,  a  shape  Ciilled  the  pendulogue^  having  facets  above  and  below, 
with  a  small,  flat  surface  on  the  top.  Several  imitation  diamonds  cut 
in  this  style  have  given  admirable  effects,  and  I  think  that  it  should 
have  been  adopted  in  the  cutting  of  both  the  crown  diamond  of  Eng- 
land and  the  rough  diamond,  known  as  the  Star  of  the  SoittJiy  presented 
to  the  Academy  of  Sciences  by  M.  Dufrenoy.  This  kind  of  cutting, 
which  I  ventmrc  to  call  the  Satvcy^  merits  as  much  attention  iis  those 
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known  by  the  name  of  the  rose  or  the  hrilllant.  If  from  a>  single 
luuiinons  point,  ninltiplied  by  facets,  we  obtain  several  colored  lights,  it 
is  evident  that  from  a  nnmber  of  luminous  points  more  splendid  eflfects 
will  be  produced.  For  this  reason  the  light  from  a  number  of  wax 
candles  or  from  uncovered  jets  of  gas  is  more  favorable  to  the  brilliancy 
of  the  diamond  than  that  from  lamps  or  gas  inclosed  in  globes  of  gtound 
glass.  Therefore  those  who  sell  diamonds  would  do  well  to  remember 
that  if  in  exhibiting  them  they  substitute  for  the  one  or  two  large  lamps 
frequently  employed,  candelabra  containing  a  number  of  wax  candles, 
the  character  of  the  gem  will  apparently  at  once  be  changed,  and  it 
will  i-esemble  in  brilliancy  that  grouping  known  as  the  parterre  or  hasliet 
of  flowers. 

Whenever  I  have  been  invited  to  see  an  amateur  collection,  among 
which  there  was  one  princely  diamond,  (that  is,  above  10  carats  weight,) 
I  have  often  given  the  owner  great  and  unexpected  pleasure  by  lighting 
on  a  mantle-piece  from  eight  to  sixteen  wax  candles,  thus  calling  forth, 
as  it  were,  all  the  latent  splendor  of  the  gem.  The  reflection  in  the  man- 
tle-mirror doubles  the  number  of  candles ;  and  if  we  turn  our  back  to  the 
mirror  while  holding  the  diamond  in  the  hand,  about  the  level  of  the 
eye,  and  vibrating  it  rapidly,  the  most  beautiful  eflfects  are  produced. 
If  this  secret  had  been  known  to  Prince  Potemkin,  who  enjoyed  like  a 
sybarite  the  company  of  his  beautiful  diamonds,  he  would  have  obtained 
a  much  higher  pleasure  from  his  favorite  contemplation.  In  the  splendid 
apartments  of  the  Tuileries  nothing  is  more  easy  to  remark  than  the 
great  diflL'erence  between  the  brilliancy  of  these  gems  in  the  rooms  lighted 
by  wax  candles  compared  with  that  obtained  in  those  where  gas-jets 
are  inclosed  in  ground-glass  globes.  Walking,  dancing,  every  movement 
of  the  body,  however  slight  it  may  be,  varies  very  perceptibly  the  ever 
changing  play  of  the  lights  of  this  transcendently  beautiful  gem. 

It  is  remarkable  that  the  price  of  diamonds  has  remained  invariable  for 
several  centuries.  A  perfect  diamond,  weighing  one  carat,  is  worth  about 
200  francs.  Double  this  weight,  and  you  quadruple  the  price,  which  is 
as  the  square  of  the  weight,  so  that  one  weighing  10  carats  would  cost 
10x10x200,  or  20,000  francs,  which  would  be  more  than  that  of  a  first- 
class  solitaire.  Though  it  does  not  enter  into  our  plan  to  speak  of  the 
arrangement  of  diamonds,  and  the  best  manner  of  setting  them,  which 
is  properly  the  business  of  the  jeweler,  we  will  say  that  recently,  admir- 
able eflfects  have  been  produced,  at  a  great  saving  of  cost,  in  substitut- 
ing for  one  very  large  stone  a  diamond  of  more  moderate  dimensions, 
surrounded  by  eight  brilliants  of  one  carat  each.  Suppose  we  have  for 
the  middle  stone  of  the  necklace  a  diamond  of  four  carats,  worth  3,200 
francs,  surrounded  by  eight  stones  of  one  carat,  worth  1,600  francs. 
We  get  for  4,800  francs  an  eflfect  equal  to  that  of  a  lOcarat  diamond, 
which  would  <iOst  from  20,000  to  25,000  francs. 

Tlie  mines  of  India,  at  Golconda,  Raolconde,  Visapoiir,  held  for  a 
long  time  the  monopoly  of  the  diamond  market  of  the  w^orld.    Of  late^ 
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however,  Brazil  has  added  its  productions,  whicb,  Laving  almost  always 
a  slight  jellowish  tint,  contrast  finely  with  the  diamonds  of  India.    It 
is  from  Brazil,  at  present,  that  nearly  all  the  diamonds  sold  in  Europe 
are  obtained.    Tliese  are  first  sent  to  Amsterdam  to  be  cut,  thence  to 
Paris  and  London  to  be  set,  and  thence  they  find  their  way  tbroujh 
commerce  to  every  part  of  the  world.    Borneo  also  famishes  a  few  hun- 
dred carats  of  diamonds.    Humboldt  conjectured  that,  from  their  forma- 
tion, the  Ural  Mountains  ought  to  produce  diamonds,  and  research  has 
justified  his  prediction.    It  does  not  appear,  however,  that  these  depos 
its  have  even  yet  been  made  productive  in  the  waj'  of  regular  mining. 
Algeria,  also,  has  had  the  reputation  of  producing  diamonds,  and  ve 
have  seen,  in  the  possession  of  amateurs  of  mineralogy,  specimens  said 
to  come  from  this  locality ;  but  whether  these  came  from  a  real  or  sup- 
posed deposit,  they  have  had  no  place  in  commerce,  and  the  same  may 
be  said  of  the  Californian  and  Australian  diamonds.     In  general,  tbe 
proportion  of  diamonds  in  circulation  augments  with  that  of  the  i)opa 
lation  that  can  afford  to  purchase  them,  which  causes  their  price  to 
remain  nearly  the  same  at  all  times;    A  panic  due  to  the  discovery  ot 
some  new  diamond  beds  in  Brazil,  about  the  year  1845,  caused  a  tem- 
porary fall  in  the  price  of  this  gem,  but  the  equilibrium  was  soon 
restored,  and  now,  at  London  as  at  Paris,  a  diamond  of  one  carat  is 
worth  the  old  price  of  200  francs,  more  or  less. 

Tlie  number  of  stones  which  surpavss  in  weight  100  carats  is  extremely 
limited.  It  is  estimated  that  among  10,000  diamonds  only  one  will 
be  found  weighing  10  carats,  and  consequently  this  will  merit  the 
name  of  princely.  Bussia,  France,  Tuscany,  and  England  i>os8ess  dia 
monds  weighing  over  100  carats.  By  far  the  chief  among  these,  on 
aecount  of  its  beauty,  is  the  Regent,  so  called  because  it  was  to  the 
Prince  Regent  that  England  owed  its  acquisition.  All  these  large  dia 
monds  come  from  India.  The  Star  of  the  South,  of  which  we  have  jnst 
spoken,  and  which  was  shown  to  the  Academy  of  Sciences  January  »i 
1850,  came  from  Brazil,  and  was  obtained  from  one  of  the  new  mines, 
the  discovery  of  which  caused  the  transitory  depression  of  the  diamood 
market.  It  was  found  in  July,  1853,  and  w^eighed  254.J  carats.  This 
gem  appeared  perfectly  limpid,  and  without  that  tint  which  has  been 
the  reproach  of  Brazilian  diamonds.  The  cutting  of  it  as  a  brilliant 
reduced  it  to  half  its  original  weight,  which  will  make  it  about  the  same 
as  that  of  the  Regent,  which  is  136J  carats.  To  have  cut  it  in  the  fonn 
which  I  call  the  Sancy^  would  have  left  it  three-fourths  of  its  original 
weight,  and  have  given  it  a  much  more  splendid  luster.  When  1 
wished  to  suggest  this  the  diamond  had  already  been  sent  to  Amster- 
dam. It  was  exhibited  at  Paris  in  the  great  exposition  of  1856.  It  is 
estimated  to  weigh  127  carats.  It  is  one  of  the  five  diamonds  to  which 
the  name  of  sovereigns  has  been  exclusively  applied.  Everything  inili- 
cates  that  the  number  of  these  peerless  minerals  is  extremely  restricted], 
since  so  few  have  rewarded  the  arduous  labor  of  searching  for  them.  ^ 


THE   DIAMOND   AND   OTHER   PRECIOUS    STONES.  341 

If  no  more  should  ever  be  found,  it  will  be  on  account  of  their  extreme 
scarceness,  which  recalls  a  saying  of  Tacitus  with  regard  to  the  pearls 
of  England:  "It  is  rather  nature  that  fails  in  their  production  than 
the  avidity  of  man  in  their  discovery."  Hitherto  Borneo  has  coutributed 
no  diamond  of  any  considerable  size.  It  is  true,  however,  that  the 
almost  impenetrable  forests  of  this  equatorial  isle  have  prevented  a 
thorough  research.  A  late  number  of  the  Journal  of  the  Geographical 
Society  of  London  gives  about  2,000  carats  as  the  annual  product  of 
the  mines  of  Borneo,  which  have  never  yet  yielded  a  diamond  of  oG 
carats.  The  monopoly  of  the  government  of  Holland  in  this  matter  is 
found  to  be  quite  profitless,  and  it  is  probable  that,  as  in  Brazil,  a  con- 
siderable portion  of  the  production  is  abstracted  by  contraband  trade. 

The  rank  of  a  diamond  can  only  be  approximately  determined  by  its 
weight.  If,  for  example,  it  is  not  of  a  beautiful  water,  perfectly  pure, 
colorless,  and  limpid,  it  cannot  receive  the  title  of  sovereign.  Further- 
more, if  its  luster  is  not  brilliant,  it  will  have  to  be  recut  to  render  it  per- 
fect, and  in  this  operation  it  will  lose  weight.  The  Kegent  and  the  Koh-i- 
noor  are  equal  in  beauty,  but  the  Regent  of  13G  carats  is  more  valuable 
than  its  rival,  which  has  been  reduced  in  cutting  from  ISGy'^  carats  to 
102^  carats.  The  diamond  of  Tuscany  is  of  an  inferior  color,  a  yellow- 
ish lemon.  The  great  diamond  of  Russia  is  rather  ill-shaped  ;  it  is  like 
a  pigeon-egg  cut  in  half,  with  facets  over  its  whole  contour.  It  Is  only  a 
big  stone,  a  species  of  heavy  rose  much  too  thick.  If  the  Koh-i-noor  and 
the  Star  of  the  South  had  been  cut  in  the  Sancy  form,  it  is  probable 
that  with  a  brilliance  equal  to  that  of  the  Regent  they  would  have  sur 
l^assed  it  in  weight.  The  "Star  of  the  South,  when  1  saw  it  in  the  pos- 
session of  M.  Dufresnoy  at  the  Institute,  weighed  254^  carats ;  but  by 
injudicious  cutting,  I  regret  to  say,  it  was  reduced  to  127  carats. 

Permit  me  further  to  remark  in  regard  to  the  Sancy  form  that  it 
always  admits  of  a  subsequent  cutting  into  that  of  the  brilliant,  and  is 
easily  experimented  ux)on.  For  this  reason  it  is  pnulent  not  to  saciifice 
until  the  last  extremity  so  much  weight  as  ihust  be  lost  in  reducing  a 
stone  of  the  form  of  the  Indian  or  Brazil  diamond  by  the  ordinary  cut- 
ting. I  have  seen  at  Amsterdam  a  model  of  the  form  which  the  latter 
would  take  by  ordinary  cutting.  It  will  be  like  the  Koh-i-noor,  that  is 
to  say,  not  snfficiently  thick  for  the  size  of  its  face. 

In  comparing  the  English  diamond  with  the  model  of  100  carats  given 
by  Jeffries  it  will  be  found  that  its  extent  of  face  is  almost  double  what 
it  ought  to  be  for  a  diamond  properly  cut. 

It  would  be  a  curious  speculation  to  follow  the  future  history  of  the 
Star  of  the  South  after  having  shone  at  the  French  exposition.  What 
name  will  this  sovereign  diamond  assume  !  Will  it  be  Albert  or  Francis 
Joseph?  The  proud  Americans,  sagacious  estimaters  of  all  commercial 
values,  will  they  have  the  ambition  to  possess  one  of  these  rare  produc- 
tions of  nature!    "How  have  you  managed  to  put  so  immense  a  price 
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Oil  this  pearl  ?"  asked  Philip  II  of  an  eastern  merchant.     "  Sire,  1  knew 
there  was  in  the  world  a  King  of  Spain  to  buy  it.'^ 

Thus  far  we  have  said  little  for  science  in  this  dissertation,  and  yet 
precious  stones,  and,  in  general,  all  crystals,  from  their  geometrical 
forms,  their  chemical  and  mechanical  properties,  their  weight,  their  color. 
their  action  on  light,  and  their  electrical  qualities,  they  all  oflfer  the  most 
delicate  as  well  as  interesting  applications  of  the  principles  of  physioN. 
Haiiy  conceived  a  crystal  to  be  made  up  of  an  assemblage  of  minnte 
parts  or  molecules,  each  having  the  same  definite  form.     From  a  few  of 
these  elementary  molecules,  w^hich  he  called  primary  forms,  he  was  ena 
bled  to  build  up  all  the  forms  which  occur  in  nature,  and  in  so  doing  he 
was  led  to  inquire  whether  the  same  elementary  forms  might  not  give 
rise  to  more  than  one  derivative  form,  or,  in  other  words,  whether  the 
same  substance  could  not  crystallize  in  more  than  one  form,    yatnre 
replied  that  she  had  anticipated  his  question  by  producing  a  specimen 
of  the  anticipated  form.    By  the  application  of  mathematical  analj-siN 
to  the  fertile  conception  of  Haiiy  all  the  forms  of  crystals  which  can 
possibly  be  produced  by  an  aggregation  of  a  given  elementary  form,  as 
well  as  the  forms  which  are  incompatible  with  a  particular  elementary 
molecule,  can  be  foretold,  and  these  predications  are,  in  all  cases,  found  to 
be  in  exact  accord  with  the  actual   facts  of  observation;  while  the 
chemist  and  the  mineralogist  are  continually  adding  to  the  list  of  crystals 
of  theoretically  possible  forms,  in  no  case  has  one  been  obtained  of  an 
a  priori  incompatible  form. 

Hardness  is  an  important  qualit^^  by  which  valuable  stones  are 
distinguished.  In  the  cutting  of  the  Koh-i-noor  it  wa^  found  that  it 
required  a  whole  daj'  to  produce  facets  which  could  be  commonly  formed 
in  the  course  of  three  hours.  It  was  also  found  necessary  to  increase  the 
rapidity  of  the  rotntion  of  the  wheel  on  which  the  diamond  powder  is 
spread.  In  an  experiment  made  some  years  ago  at  the  expense  of  the 
Institute,  a  black  diamond  of  Borneo  was  put  in  the  hands  of  Gallais. 
the  diamond-cutter.  On  this  he  wore  out  a  steel  wheel  and  a  large 
quantity  of  ordinary  diamond  powder  without  making  the  least  impres- 
sion on  its  surface.  It  lost  none  of  its  roughness,  although  loaded  with 
a  considerable  weight,  and  heated  almost  to  whiteness  by  the  rubhiog 
of  the  wheel,  which  revolved  with  such  velocity  as  to  emit  a  continoal 
shower  of  sparks  during  the  operation. 

This  intractable  substance  required  the  powder  of  black  diamonds, 
like  itself,  to  produced  the  desired  efi'ect,  and  doubtless  some  day  the 
jmwderof  black  diamonds  will  be  used  to  advantage  in  cutting  the  onli- 
nary  diamond  as  well  as  in  other  processes  of  the  arts.  Every  one  has  seen 
a  glazier,  with  a  minute  point  of  a  diamond,  trace  upon  glass  an  almost 
imperceptible  groove  in  the  crust  of  the  glass,  which  renders  it  easily 
frangible  in  a  given  direction.  It  is  conjectured  by  some  that  the  an- 
cients in  engraving  on  sapphires  and  rubies  have  used  a  diamond  jwint 
as  a  burin,  and  t\ie  tivV\^\v  o^  ^vi\\\^  \>^\\,^  ^i  ^^\s\fc«$.  *A.v\d  lutaghos  deeply 
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cut  would  appear  to  warraut  this  supposition.  Aa  art  bas  been  lost  to 
France.  Who  will  restore  it  ?  Since  the  last  encouragements  given  to 
engraving  on  stone  by  the  Empress  Josephine  and  Napoleon  I,  every- 
thingof  tliis  kind  comes  to  us  from  Italy,  and  there  is  not  a  single  glyptic 
monument  of  the  reigns  which  have  succeeded  the  Empire* 

The  diamond  is  heavier  than  rock-crystiil  and  lighter  than  white 
sapphire.  It  has  almost  the  same  weight  as  the  white  sapphire  of  Bra- 
zil, called  goutte  d^eau.  It  is  often  confounded  with  these  three  stones, 
which  resemble  it  in  whiteness.  Let  us  see  then  how  these  may  be  dis- 
tinguished by  the  weight. 

It  is  known  that  if  a  real  diamond  be  suspended  by  a  fine  thread  from 
a  delicate  balance,  and  when  in  perfect  equilibrium  it  be  immersed  in  a 
glass  of  water  placed  immediately  under  it,  it  loses  two-sevenths  of  its 
weight,  or,  in  other  words,  two-sevenths  of  its  weight  in  air  must  be 
added  to  the  pan  from  which  it  is  suspended  to  restore  the  equilibrium 
when  the  diamond  is  in  the  water.  In  like  manner,  a  diamond  weighing 
21  carats  loses  in  water  about  G  centigrams.  A  white  sapphire  of 
the  same  weight  loses  only  a  fourth  of  its  weight  when  weighed  in 
water,  that  is  to  say,  about  5  centigrams.  A  piece  of  rock-crystal  in 
the  same  conditions  loses  8  centigrams.  Hence,  whenever  any  specjies 
of  crystal  weighed  in  water  loses  more  than  two-sevenths  of  its  actual 
weight,  it  cannot  be  a  diamond.  We  shall  presently  see  how  the  dia- 
mond is  distinguished  from  the  white  topaz,  which,  like  itself,  loses  in 
water  two-sevenths  of  its  weight. 

Chemical  tests  being,  in  general,  very  difficult  of  application,  and  in- 
volving a  loss  of  the  substances  (xamined,  need  not  here  be  described; 
but  we  shall  point  out  an  optical  test  of  a  very  delicate  character  which 
traces  at  once  the  line  of  demarkation  between  the  diamond  and  all 
other  colorless  gems ;  we  refer  to  that  of  double  refraction. 

In  looking  through  a  transparent  stone  at  a  detached  object,  such  as 
the  point  of  a  needle,  or  a  small  hole  pierced  in  a  card,  the  object  is  seen 
double,  as  if  there  were  two  needle-points  or  two  holes.  This  phe- 
nomenon is  called  double  refraction,  and  is  exhibited  by  all  white  or 
colorless  gems  except  the  diamond.  As  some  little  dexterity  is  required 
to  readily  exhibit  this  curious  property,  the  object  to  be  looked  at  and 
the  stone  should  be  fixed  at  the  proper  distance  apart  on  a  support  by 
a  little  modeling- wax,  so  as  to  be  more  conveniently  seen  by  those  inter- 
ested in  the  experiment.  M.  Ilaiiy  was  often  called  upon  in  consultations 
of  this  kind,  and  sometimes,  in  the  case  of  a  suspected  fraudulent  sale, 
he  gave  his  testimony  in  courts  as  an  expert  in  regard  to  the  character 
of  gems.  Tiie  white  topaz  of  Brazil  produces  double  refraction,  and 
may  at  once  be  recognized  by  this  quality  as  a  false  diamond.  I  have 
a  painful  recollection  of  a  visit  from  an  English  gentleman,  who  brought 
for  my  examination  a  magnificent  white  topaz,  which,  had  it  been 
diamond,  would  have  been  of  immense  value.  It  was  very  easy  for  me, 
from  the  cutting  of  the  stone,  to  perceive  the  double  refraction  \  but 
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such  was  the  agitation  of  the  owner,  and  so  convulsively  did  his  hand 
tremble,  that  I  was  obliged  to  attach  the  stone  to  a  wooden  ruler  with 
a  bit  of  green  wax  before  I  could  render  the  phenomenon  clear  to  him. 
The  instant  he  saw  the  double  refraction,  the  bearing  of  which  I  had 
explained,  he  seemed  overcome  with  emotion ;  and  after  remaining  some 
minutes  in  a  half-stupefied  condition,  he  suddenly  rose  and  abruptly 
took  his  leave,  doubtless  to  hide  his  emotion,  too  powerful  to  be  con- 
trolled. He  afterward  sent  me  his  card,  apologizing  for  his  hasty 
departure,  but  1  never  learned  w  hat  great  interest  I  had  compromised  or 
what  hopes  I  had  dissipated  in  thus  determining  the  character  of  the 
stone.  In  the  work  of  Mawe,  it  may  be  seen  that  the  white  sapphire 
and  the  white  diamond  owe  their  high  price  to  the  fact  that  they  are 
often  fraudulently  substituted  for  diamonds.  Mawe  might  have  added, 
also,  the  white  zircon,  which  is  heavier  even  than  the  8a])phire,  aud 
which  much  more  resembles  the  diamond.  To  exhibit  one  of  these  stones 
in  dress  as  a  real  diamond  may  be  only  a  small  exhibition  of  vanity, 
but  to  sell  one  for  a  diamond  is  a  felony  which,  fortunately,  is  i-ecognized 
as  such  by  our  courts  of  justice. 

I  need  scarcely  add  that  the  zircon,  like  the  white  sapphire  and  topaz, 
possesses  the  qualily  of  double  refraction  in  a  high  degree.  The  test  of 
double  refraction  is  a  very  convenient  one,  because  it  can  be  exercised 
without  unsetting  the  stone,  and  without  any  complicated  apparatus. 
A  little  practice  enables  any  one  very  soon  to  learn  how  to  recognize  the 
phenomenon ;  and  this  is  not  much  to  pay  for  gaining  so  absolute  a  means 
of  identifying  a  false  diamond. 

Diamonds  are  capable  of  being  colored  in  various  ways.  A  slight 
tinge,  as  in  the  case  of  the  great  Tuscany  and  the  Russian  diamonds, 
detracts  from  the  value ;  but  when  a  diamond  is  found  of  a  lively  and 

« 

rich  color,  it  is  very  much  sought  after  as  a  very  rare  specimen.  The 
Marquis  of  Dr^e  possesses  several  of  this  kind,  and  especially  one  of 
fine  rose  tint.  The  specimens  which  have  this  character  are  called  st4yne8 
of  affectionj  and  reallj'  their  owners  sometimes  regard  them  with  a  sen- 
timent which  fully  justifies  the  name.  Among  the  crown  diamonds  of 
France  there  was  one  of  triangular  shape,  of  a  fine  sapphire  blue,  and 
weighing  GO  carats.  This  disappeared  at  the  time  of  the  theft  of  these 
diamonds,  none  of  which,  except  the  Regent,,  were  ever  recovered,  doubt- 
less because  this  latter  was  of  more  difficult  sale  than  the  rest.  During 
his  imprisonment,  the  thief  enjoyed  among  his  companions  great  con- 
sideration on  account  of  the  magnitude  of  his  villainy*.  On  what  may 
not  distinction  be  based  in  this  world  ?  • 

But  the  wonder  of  all  colored  diamonds  is  the  blue  one,  owMied  by  Mr. 
Hope,  the  form  of  which  has  been  engraved  in  the  report  of  the  London 
Exposition.  Mawe  characterizes  it  as  Huperlatively  beautiful.  It  weighs 
44J  carats,  and  often,  according  to  Mr.  Tennant,  unites  the  blue  color  of 
the  sapphire  with  the  prismatic  luster  and  brilliance  of  the  diamond. 
Every  one  who  has  stv\OL\e(\  l\\\i  vV**^^'  vstMviWi^  si.S&t<iX,  of  \)rccious  stoues  in 
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any  brilliant  evening  assembly  has  remarked  that  the  sapphire,  spark- 
ling as  it  may  be  by  day,  becomes  dull  and  lusterless  in  the  light  of 
lamps,  wax  candles,  or  gas.  It  would  be  curious  to  know  whether  the 
same  loss  of  brilliance  happens  to  the  blue  diamond  of  Mr.  Hope,  which 
I  do  not  hesitate  to  place  beside  the  sovereigns  in  value,  because,  though 
less  heavy  than  they,  it  surpasses  them  in  rarity.  The  term  stone  of 
affection  is  scarcely  an  inappropriate  name  for  this  i)reciou8  object, 
though  it  is  sometimes  applied  with  more  questionable  propriety.  I  once 
saw  a  stone  at  M.  Bapst's,  known  as  a  black  diamondj  which  had  the 
color  of  a  tobacco-leaf,  and  was  only  admirable  on  account  of  its  singu- 
larity. Louis  XVIII,  however,  selected  it  for  the  crown  of  France,  at 
24,000  francs,  but  it  was  never  placed  there.  Such  diamonds  are  always 
cut  very  thin;  for  what  is  the  use  of  thickness  in  a  stone  which  is  not 
transparent,  and  of  which  the  superficial  brilliance  is  quite  vivid  ?  If 
to  an  amateur  such  a  stone  should  become  one  of  affection,  he  certainly 
would  run  no  risk  of  having  his  taste  disputed.  It  is  curious  to  remark 
that  Pliny  says  almost  the  same  thing  of  Nonius,  who,  owning  a 
beautiful  opal,  prcfeiTcd  to  quit  Kome  as  a  proscribed  traitor,  rather 
than  yield  to  Antony  his  stone  of  affection.  "  It  was,"  says  Pliny,  '^  an 
astonishing  instance  of  tyranny  on  the  part  of  Antony  to  i)roscribe  a 
citizen  lor  the  sake  of  a  gem ;  but  we  can  none  the  less  wonder  at  the 
obstinacy  of  Nonius,  who,  rather  than  give  up  his  beloved  opal,  suffered 
himself  to  be  exiled  from  his  country.  In  reading  the  interminable  list 
of  marvelous  qualities  attributed  before  the  seventeenth  century  to  gems, 
we  may  understand  something  of  %he  extreme  value  set  by  the  possessors 
of  precious  stones  on  these  treasures.  The  native  Indian  princes  are  great 
amateurs  of  diamonds,  and  seek  for  them  with  great  assiduity.  In  one 
of  their  collections  I  have  seen  a  small  natural  diamond,  with  brilliant 
points,  encased  in  the  red  cement  which  ordinarily  envelopes  the  stone 
in  the  mine.  This  specimen,  which  was  about  the  size  of  a  small  hazel- 
nut, and  in  which  the  little  diamond  was  enshrined  within  the  cement, 
formed  an  object  well  adapted  to  excite  the  wonder  and  admiration  of 
the  mineralogist,  as  well  as  the  superstitious  regard  of  the  princely, 
though  unscientific,  owner. 

Mawe  states  that  of  all  values  the  least  variable  is  that  of  the  diamond. 
He  cites  various  crises  which  have  occurred  in  England  in  the  quantity  of 
diamonds  received,  and  shows  that,  with  regard  to  price,  these  crises  have 
been  generally  very  light  and  of  short  duration.  There  have  been  two 
great  panics  in  the  diamond  market  since  1840.  The  first  was  on  the  dis- 
covery of  the  new  mines  in  Brifzil,  about  1843  or  1844.  The  second  was 
in  France,  and  followed  the  commercial  shock  caused  bv  the  revolution 
of  1848.  The  price  of  diamonds  then  rose  and  fell  with  other  securities, 
and  in  precisely  the  same  proportions.  The  price  is  now  about  200  francs 
the  carat,  a  price  indicated  by  Jefl['ries  reaching  to  about  250  francs. 
M.  Castelnau,  in  his  Voyage  across  South  America,  hints  that  the  fall 
in  the  price  of  diamonds  came  from  a  diminution  iu  the  taste  of  aocxavj 
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for  these  brilliant  and  other  frivolous  decorations.  If  the  depredation 
in  the  value  of  diamonds  is  to  depend  on  a  decline  in  the  taste  for  luxury 
and  ostentation,  a  desire  to  shine,  and  even  on  the  cupidity  of  man,  a 
rich  commerce  in  these  gems  may  be  assured  in  London  and  Paris  for 
many  centuries  to  come. 

Without  recurring  to  the  Arabmn  Nights^  or  to  the  legends  of  the  middk 
ages,^vhere  gnomes  and  griffins  are  seen  jealously  guarding  the.se  trea*^ 
ures  of  the  earth,  and  only  by  the  force  of  some  cabal  allowing  mortaU 
to  obtain  them,  it  is  evident  that  a  gi'eat  value  assigned  to  a  small 
quantity  of  mineral  substance  has  givx^n  rise  to  singular  changes  in 
fortune.  I  do  not  know  on  what  foundation  Mawe  says  that  Liejres, 
embassador  to  the  court  of  Berlin,  obtained  from  the  King  of  Prussia  a 
treaty  of  alliance,  offensive  and  defensive,  by  dazzling  his  eyes  with 
the  splendor  of  the  Regent^  for  the  cession  of  which  by  France  the  abbe 
allowed  the  King  to  entertain  a  hope.  Frequently  the  precious  stones 
of  sovereigns  have  been  used  as  pledges  for  the  payment  of  <lebts;  bat 
these  transactions  are  compamtively  of  little  interest,  and  we  prefer 
much  more  to  contemplate  the  incident  of  a  poor  gardener  of  Golconda 
finding  in  his  garden  a  beautiful  stone,  which  proving  to  l>e  a  diamond, 
afforded,  not  only  ease  and  comfort  to  himself  and  his  family,  but 
opened  to  his  whole  country  a  source  of  riches.  Wo  also  prefer  to  dwell 
on  the  fortune  of  a  poor  negress  who  found  the  Star  of  the  South,  in  Jalv, 
1853,  while  washing  the  sands  of  the  Brazilian  mine  of  Bagagen.  Ac- 
cording to  the  ancients,  Hercules  presided  over  the  discovery  of  treas- 
ures. By  this  perhaps  they  wished  tS  indicate  that  what  is  truly  vain- 
able  can  only  be  attained  by  untiring  industry.  But  be  this  as  it  may, 
the  discovery  of  a  gem  was  never  considered  by  them  as  a  favor  from 
Hercules,  but  as  the  reward  of  labor. 

An  anecdote  of  notable  fidelity  is  connected  with  the  Sancy^  which  is 
worthy  of  repetition.  This  gem  was  bought  at  Constantinople  during 
an  embassy,  by  a  baron  of  the  name  of  Saucy,  for  G00,000  livres.  During 
the  many  years  in  which  Henry  IV,  after  the  death  of  his  predecessor, 
was  rather  an  appendage  to  tlie  throne  than  King  in  realitj',  several 
of  his  barons  rendered  him  pecuniary  assistance,  and,  among  others, 
the  Baron  of  Sancy,  who  placed  the  diamond  bearing  his  name  in  charge 
of  a  domestic,  to  be  delivered  to  the  King.  In  the  brigandism  which 
then  desolated  France,  this  serv^ant  was  atUicked  and  assassmated. 
For  a  long  time  his  master  knew  not  what  had  become  of  him;  but 
after  much  searching  it  was  discovered  that  he  had  been  killed  in  a 
certain  rural  commune,  and  that  his  body  was  interred  in  the  cemetery 
belonging  to  the  locality.  When  condolences  on  this  discovery  were  ten- 
dered to  the  baron  on  the  loss  of  his  splendid  jewel,  he  replie<l,  '*You 
are  very  much  in  error,  gentlemen ;  since  I  now  know  where  to  find 
the  body  of  my  servant,  I  know,  also,  where  to  find  my  diamond."  In 
fact,  when  the  body  was  disinterred  the  diamond  was  foun<l ;  it  had  been 
swallowed  by  the  niau  to  ^e,\xx^  it  to^va.  \i\s»  ^^ailant^ 
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I  may  in  this  connection  also  recite  an  incident  coming  within  my 
personal  knowledge.  I  had  intrusted  a  diambnd  of  considerable  value 
to  a  young  trader  to  be  recut  in  Amsterdam.  He  there,  however,  met 
with  reverses,  and  returned  to  Paris  in  a  state  of  the  greatest  destitution. 
During  the  last  days  of  his  homeward  travel  he  was  obliged  to  live  upon 
the  wild  fruits  of  the  earth,  and  to  sleep  in  the  open  air.  Although  I 
found  him  on  his  return  in  an  apartment  with  bare  walls,  and  his  couch 
a  bed  of  straw,  he  had  been  faithful  to  his  trust.  He  handed  me  my 
jewel,  apparently  unconscious  of  merit,  merely  claiming  from  me  the 
price  of  the  recutting.  After  this  sad  epoch,  fortune  smiled  upon  him, 
and  in  his  prosperity  I  fancj'  that  I  see  a  providential  recompense  of 
such  rectitude  amid  unusual  temptation. 

The  art  of  making  diamonds  has  been  almost  as  eagerly  sought  as  that 
of  producing  gold.  The  problems  are  not,  however,  the  same  in  prin- 
ciple, since  to  make  a  diamond  is  simply  to  crystallize  carbon  or  charcoal; 
while  in  producing  gold  the  alchymists  attempted  to  change  the  very 
nature  of  bodies,  and  to  make  gold  of  all  things.  Modern  chemistry 
having  burnt  the  diamond,  and  discovered  that  the  product  of  its  com- 
bustion is  the  same  as  that  obtained  by  the  burning  of  charcoal,  we 
would  suppose  that  some  peculiar  compound  of  charcoal  might  be  found 
which,  submitted  to  such  process  as  would  allow  the  carbon  to  separate 
very  slowly  in  a  condition  of  perfect  stillness,  would  produce  regular 
crystalline  forms. 

It  is  thus  that  sugar,  salt,  and  alum  are  deposited  when  the  water 
which  held  them  in  solution  is  evaporated  very  slowly  and  in  perfect 
stillness.    Looking  at  it  in  this  light,  there  is  a  curious  substance  which 
renders  the  experiment  of  diamond-making  a  hopeful  matter.    It  is  not 
geuerallj'  known  that  in  combining  sulphur  and  carbon  a  colorless  liquid 
is  produced  resembling  water,  and  containing  really  nothing  but  sulphur 
and  carbon.    If  by  some  i)rocess  the  sulphur  could  be  got  rid  of,  either 
wholly  or  partially,  we  might  expect  to  see  the  carbon  deposited  in  the 
crystalline  state.    So  fjrr  this  hope  has  failed.    Many  other  plans  have 
also  failed,  so  that  at  this  day  the  crystallization  of  charcoal  is  by  most 
pinsons  a  thing  despaired  of.    Despretz,  a  member  of  the  Institute,  w^as 
however,  of  a  different  opinion.    By  means  of  the  voltaic  battery  he  has 
obtained  on  a  thread  of  platina  small  crystalline  depositions,  which,  by 
their  form  and  hardness,  seem  to  be  really  embryonic  diamonds.    These 
crystals,  or  rather,  let  us  say,  these  particles  of  diamond  dust,  have  been 
used  in  polishing  hard  stones,  in  the  same  manner  as  ordinary  diamond 
powder.    The  scientific  question  is  then  resolved.     But  this  ingenious 
and  sagacious  academician  did  not  stop  here.    He  organized,  as  we 
may  say,  hundreds  of  preparations  to  facilitate  the  precipitation  and  aid 
crystallization  of  charcoal  under  the  influence  of  electricity,  an  agent 
which  in  the  researches  of  men  is  the  obedient  serv\ant  of  his  will.    These 
interesting  facts  lead  us  to  indulge  the  hope  that  perseveriiig  and  saga- 
cious labor  will  be  rewarded  by  success  in  the  crystallvz^UQ^i  q>^  <is>x\i^w^ 
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and  the  manufacture  of  the  diamond.    Although  this  result  might  not 
be  advantageous  to  commerce,  it  would  be  so  to  science.     Nowhere  does 
nature  show  us  the  diamond  in  the  locality  where  it  has  been  fomiwl;  it 
is  now  only  obtained  from  ground  which  has  changed  its  ]>lace,  so  that 
we  get«o  light  on  the  primitive  conditions  of  its  crystallizatico,  aiir 
cumstance  which  seems  to  confirm  the  a  iews  of  Despretz,  which  is,  that 
in  Brazil,  side  by  side  with  the  diamond,  there  occurs  a  curious  sabstancf 
as  hard  as  the  diamond,  which  is  called  by  the  Portuguese  carbonado,  ami 
in  trade  at  Paris  carhone.     Speaking  of  the  mines  of  Brazil,  Teiinant 
says  of  it :  "There  is  found  here  a  considerable  quantity  of  a  black  sob- 
stance  of  the  same  specific  gravity  as  the  diamond,  huniuated  or  rather 
composed  of  a  succession  of  laminella  generally  broken  into  separate 
fragmeuts.    It  is  too  imperfectly  crystallized  to  be  cut ;  though  it  \m^ 
sesses  in  places  the  brilliance  of  the  diamond,  and  can  be  ixnluced  to 
powder  for  the  polishing  of  other  stones.    Its  name,  carbonado,  is  due  to 
its  having  an  appearance  resembling  charcoal.     May  not  this  be  the 
same  substance  as  that  artificially  obtained  by  Despretz?     In  the  age 
of  Louis  XIV,  it  was  thought  that  it  was  quite  possible  to  increase  the 
size  of  diamonds  by  placing  them  in  certain  solutions,  just  as  a  piece  at 
salt  may  be  increased  in  size  by  placing  it  in  a  solution  of  the  same 
substance.    Despretz  has,  doubtless,  considered   the  property  that  a 
crystal  possesses  of  attracting  and  regularly  arranging  around  itself 
particles  of  matter  analogous  to  its  own.    At  present  this  is  the  whole 
scientific  condition  of  the  subject.     Let  us  wait  for  future  developments. 

Several  years  ago  the  premature  announcement  of  the  artificial  pro- 
duction of  diamonds  agitated  all  Paris.  Baron  Thtnard,  however,  by 
an  experimental  examination  reassured  tiie  many  merchants  and  families 
who  had  been  alarmed  on  account  of  the  threatened  depreciation  of  their 
fortunes,  based  on  the  value  of  this  queen  of  gems.  Since  this  time  the 
number  of  diamonds  has  increased  in  France,  and  is  evel^y  day  increasing, 
even  more  rapidly  tlian  in  England,  and  now  represents  an  immense 
capital.  According  to  the  remark  of  Achard,  there  is  no  article  which 
being  resold,  suffers  so  little  loss,  so  little  depreciation,  while  at  the  same 
time  it  is  always  in  demand.  It  may  almost  be  considered  a  circulatinjj 
medium  for  high  values.  Furthermore,  in  the  actual  state  of  physit-ji 
and  chemistry,  nothing  warrants  the  fear  that  the  artificial  will  ever 
compete  with  the  natural  product.  The  case  is  analogous  to  the  well 
known  production  of  the  gold  pieces  made  by  M.  Sage,  from  gold  ex 
tracted  fnmi  the  ashes  of  certain  burned  vegetable  substances,  a  lK»aatifnl 
scientific  result,  but  by  no  means  lucrative,  since  every  piece  of  twenty 
francs  cost  125  francs  in  the  making. 

In  like  manner,  we  may  say  that  if  the  process  were  known,  the  arti 
ficial  gem  would  cost  more  than  its  worth. 

The  other  precious  stones  have  been  designated  "  colored  gems."  In 
fact,  their  principal  merit  is  the  beauty  of  color  and  play  of  light  which 
distinguishes  them,  bv\tloW\\^^'^  w^vx.^  ^ddVwwdw'^^^^^  which  insuivs  their 
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preservation,  and  wliich  is  one  of  the  most  important  qualities  that  a 
precious  stone  can  possess.  Pliny  says  that  in  gems  we  see  all  the 
majesty  of  nature  united  in  a  small  space,  and  that  in  no  other  of  her 
works  does  she  present  anything  more  admirable.  According  to  him, 
the  first  one  who  wore  a  precious  stone  was  the  Titan  Prometheus. 
Released  from  his  bonds  and  impressed  by  some  ideal  sentiment,  he  in- 
serted in  a  piece  of  his  chain  a  fragment  of  the  rock  to  which  he  had 
been  fastened,  and  thus  formed  a  ring,  which  he  ever  after  wore  in  memory 
of  his  misfortunes.  Is  there  not  some  allegorical  sense  in  this  story  of 
the  construction  of  the  first  ring!  What  leads  us  to  this  supposition  is 
the  mysterious  personage  himself  who  is  made  the  wearer.  This  grand 
l)ersonage  Prometheus,  the  benefactor  of  man,  who  gave  him  fire  stolen 
from  the  gods,  has  always  been  venerated  in  antiquity  for  his  opposition 
to  the  imperious  domination  of  Jupiter. 

The  ancients  included  .also,  under  the  name  of  gems,  stones  engraven 
either  in  relief  or  in  intaglio,  and  in  this  form  of  art  they  have  left  us 
the  most  admirable  productions  that  the  imagination  can  conceive. 
Here,  as  in  sculpture,  the  moderns  have  neither  surpassed  nor  even 
attained  to  the  perfection  of  the  works  of  antiquity.  Engraven  stones, 
which  were  used  as  seals,  are  now  the  most  precious  and  valuable  of 
relics,  while  they  aflbrd  us  definite  mineralogical  ideas  as  to  the  various 
kinds  of  ornamental  stones  known  from  the  earliest  period  of  history. 

Stones  of  color  do  not  probably,  at  the  present  day,  represent  more 
than  one-tenth  of  the  total  value  of  gems,  while  diamonds  may  be  esti- 
mated as  ninety  per  cent.  This  was  different  among  the  ancients.  With 
them  the  diamond  was  hardly  known  as  an  ornamental  jewel,  because 
it  was  uncut,  and  did  not  exhibit  those  vivid  colors  which  now  place  it 
in  the  highest  rank  among  precious  stones.  Furthermore,  our  system 
of  lighting  with  lamps,  gas,  or  candles,  throws  upon  all  objects  tints 
very  unfavorable. to  the  natural  color  of  gems.  Thus  the  garnet,  tur- 
quoise, amethyst,  and'even  the  opal,  lose  much  of  their  luster  in  these 
artificial  lights.  When  a  colored  stone  is  placed  in  the  path  of  the  solar 
spectrum,  its  color  will  vary  with  the  portion  of  the  spectrum  which 
falls  upon  it ;  and  two  stones  of  the  same  color,  but  of  a  different  na- 
ture, will  exhibit  different  effects.  Thus  a  paste,  placed  beside  a  fine 
colored  stone,  betrays  its  worthlessness.  A  simpler  method  of  testing 
stones  is  to  look  at  them  through  a  bit  of  glass  colored  red,  yellow,  blue, 
or  green.  Ev6ry  stone  will  exhibit  under  this  test  properties  peculiar 
to  itself,  and  by  which  its  nature  may  be  recognized. 

Since  we  have  spoken  of  paste,  1  would  remark  that  in  spite  of  the 
high  price  of  fine  stones,  there  are  fewer  false  ones  used  than  at  first 
we  should  be  inclined  to  believe.  Paste,  colored  or  not,  is  only  a  very 
fine  glass  overcharged  with  lead  and  enamel,  analogous  to  the  best 
quality  of  cut-ghiss  for  table  service.  In  the  early  times  of  its  substi- 
tution for  precious  stones,  it  was  cut  very  carefully ;  now  it  has  become 
common  and  cheap  and  inferior  in  workmanship.    Besides,  national 
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riches  auginentii)g  from  day  to  day,  and  the  insufficiency  of  paste  for 
beauty  and  duration  becoming  more  and  more  apparent,  a  greater  ex 
pense  for  something  of  imperishable  value  is  preferred  to  a  less  price 
paid  for  what  is  really  an  article  of  no  permanent  worth.  We  are  now 
long  past  the  time  w^hen  the  Duchess  of  Berri,  arriving  in  France,  re- 
ceived for  her  bridal  ornaments  only  paste,  and  when,  in  order  to  make 
the  Duke  of  Wellington  a  present  in  diamonds  of  less  than  a  million 
francs  in  value,  the  Paris  trade  was  obliged  to  borrow  from  the  civil 
list  a  certain  number,  guaranteeing  their  restitution  in  kind. 

Before  speaking  further  of  colored  stones,  a  question  presents  itsdf: 
Can  science  explain  the  coloring  of  these  gems  I  There  are,  I  sapix»se. 
few  x)ersons  who  do  not  know  that  the  white  light  which  reaches  as 
from  the  sun  and  other  heavenly  bodies  can  be  decomposed  into  a  num 
ber  of  colored  rays.  Thus,  when  the  light  of  the  sun  parses  through  a 
triangular  prism,  it  is  bent,  and  will  trace  on  a  white  card  placed  oppa 
site  to  it  an  iridescent  band,  in  which  Newton  has  marked  seven  colore, 
according  to  some  idea  of  analogy  with  the  seven  notes  of  a  musical  oc 
tave ;  an  idea  which  is,  after  all,  without  foundation,  since  every  prism 
gives  its  own  peculiar  band.  The  idea  was  by  no  means  new.  The 
Greeks  and  Romans  entertained  it,  and  Nero,  who  in  dying  pitied  the 
world  for  losing  so  great  an  artist  as  himself,  has  sung  it  in  verse.  A 
child  blowing  a  soap-bubble  produces  colors  as  splendid.  In  a  word, 
every  thin  plate  of  any  transparent  substance  whatever  becomes  colored 
under  white  light.  Striated  surfaces  also  offer efi'ects not  less  brilliant; 
so  that,  to  clothe  certain  insects  more  vividly,  nature  has  grooved  the 
tissue  that  env^elopes  them.  The  globules  of  clouds  between  us  and  the 
moon  produce  also,  with  white  light,  the  most  vivid  colors ;  and,  above 
all  in  beauty,  the  iris  or  rainbow,  which  the  sun  paint«  in  a  thousand 
colors  in  the  drops  of  the  falling  shower,  is  the  transcendent  effect  of  de- 
composed light.  Nature  always,  with  a  palette,  so  to  speak,  charged  only 
with  white,  knows  the  art  of  spreading  over  all  her  pictures  the  n)«igic 
and  glow  of  the  most  brilliant  coloring.  But  we  have  not  exhausteil 
all  the  resources  of  this  coloring,  the  secret  of  which  is  the  light  itself. 
How  shall  we  explain  the  whiteness  of  the  snow,  which  covers  our  planet 
at  either  pole,  and  on  the  summits  of  the  loftiest  mountains  f  How  ao 
count  for  the  perpetual  greenness  of  countries  covered  with  plants  and 
trees,  the  blue  of  the  vast  aerial  sea  which  envelopes  the  earth,  or  the 
color  of  the  great  ocean  which  rests  on  its  surface  f  Here  science  is  in 
default.  The  cause  of  the  color  proper  to  bodies  is  only  half  perceivetl : 
and  we  can  say  still  that  which  Huyghens  said  at  the  end  of  the  seven 
teenth  century,  "  In  spite  of  the  labors  of  Newton,  no  one  has  yet  fully  dis 
covered  the  cause  of  the  color  of  bodies."  We  mgst  then  admire,  with- 
out penetrating  their  secret,  the  unparalleled  red  of  the  oriental  ruby, 
the  pure  yellow  of  the  topaz,  the  unmiugled  greenness  of  the  emerald, 
the  soft  blue  of  the  sapphire,  and  the  rich  violet  of  the  amethyst*  This 
is  not  the  only  t\\iug  ttx^  OA^eov^\^  ot  \s'\\\vi\v  ^^^i  ^hall  leave  to  iwsterity. 
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In  the  enumeration  that  follows  we  shall  place  the  precious  stone*  in 
the  order  of  their  actual  value.  This  order  varies  little  in  difterent  parts 
of  the  world.  When  an  extraordinary  demand,  however,  occurs,  that 
causes  a  rise  in  price  of  any  particular  gem,  there  flows  into  the 
market  such  an  overplus  of  that  gem,  that  a  fall  in  value  is  at  once 
efl'ected.  This  is  the  case  at  present  with  the  beautiful  Hungarian  opal, 
which  in  the  last  ten  years  has  become  abundant,  the  mines  producing 
it  being  more  actively  worked  on  account  of  the  high  price  of  these 
stones,  which  for  a  while  has  surpassed  that  of  the  sapphire.  The  ori- 
ental ruby  is,  for  its  price  as  well  as  its  beauty,  the  first  in  rank  among 
colored  stones.  In  order  to  appreciate  its  color  in  its  finest  quality  we 
must  compare  it  with  the  blood  as  it  spirts  from  an  artery,  or  the  red 
ray  in  the  solar  spectrum.  It  is  the  pure  red  on  the  painter's  palette, 
without  any  admixture  on  the  one  side  of  orange,  or  on  the  other  of  violet. 
Many  of  the  stained-glass  windows  in  our  ancient  churches,  when  trav- 
ersed by  the  rays  of  light,  give  this  color  in  its  brilliance.  The  ruby  is 
excessively  hard,  and,  after  the  sapphire,  which  surpasses  it  a  little  in 
this  respect,  is  the  first  of  stones,  always  excepting  the  diamond,  to 
which  there  is  nothing  at  all  comparable.  According  to  a  perfectly  just 
remark  of  M.  Charles  Achard,  more  competent  than  any  one  in  France 
to  give  an  opinion  touching  the  trade  in  colored  stones,  there  is  a  great 
difference  between  these  and  the  diamond,  which,  from  the  minutest 
specimens  to  those  of  princely  or  sovereign  size,  have  a  fixed  price  pro- 
portioned to  their  weight,  as  is  the  case  with  gold  and  silver.  As  for 
rubies  and  other  gems,  the  very  small  specimens  have  hardly  any  value, 
and  it  is  only  when  of  some  weight  that  they  command  high  prices. 
Rubies  are,  therefore,  much  used  for  watch-pivots,  and,  from  their 
abundance,  are  of  little  value ;  but  lor  a  ruby  of  5  carats,  double  the  price 
of  a  diamond  of  the  same  weight  will  be  paid.  If  the  ruby  weighs  10 
carats,  triple  the  value  of  a  diamond  of  the  same  weight  maj^  be  asked 
for  it;  which  price  would  be  about  20,000  to  25,000  francs.  All  the 
world  admits  that  a  perfect  ruby  is  the  rarest  of  all  the  productions  of 
nature.  Its  tint  shows  to  the  same  advantage  by  day  as  by  lamp  light; 
but  to  render  the  color  more  resplendent  it  should  be  placed  in  the  midst 
of  the  red  rays  of  the  spectrum  in  such  a  manner  that  the  rest  of  the 
colors  do  not  fall  very  near  it.  The  possessors  of  choice  collections  of 
stones  can  repeat  this  interesting  experiment  with  various  stones,  placing 
each  in  that  color  of  the  spectrum  which  is  analogous  to  that  of  the 
stone  itself.  It  is  a  severe  test  for  the  purity  of  the  tint ;  for  if  pure  and 
unmixed,  the  stone  will  appear  completely  black  in  every  other  light  but 
its  own.    Milky  and  turbid  stones  cannot  bear  this  test. 

When  Pegu  was  annexed  to  the  British  East  India  Possessions,  it  was 
thought  that  that  country,  so  rich  in  rubies,  would  send  many  of  these 
stones,  so  jealously  guarded  by  the  Indian  princes,  into  the  European 
market.  Such  has  not  been  the  case.  It  is  not  yet  proven,  however, 
that  the  ruby  mines  are  still  worked;  and  this  part  of  Asia  is  the  leae^t 
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known  of  all  the  coiiutries  of  the  globe.    Mercbants  in  rubies  vrill  -never 
cease  expatiation  ou  the  number  of  tigers,  lions,  elephants,  and  venom 
0U3  serpents  which  people  the  forests  and  the  plains  of  this  country, 
which,  according  to  them,  is  only  accessible  by  the  openings  of  the 
rivers  from  the  sea.    The  actual  state  of  the  island  of  Borneo,  as  aiithen 
tically  given,  seems  very  much  to  coutirm  these  rather  interested  ac 
counts.    1  do  not  know  that  the  rajahs  attach  a  superstitious  importance 
to  the  possession  of  rubies,  but  it  is  certain  that  they  never  sell  a^r  of 
considerable  weight.     With  the  Koh-i-noor^  Runjeet  Singh  possessed  a 
no  less  precious  ruby,  which  was  of  the  shape  of  the  large  end  of  an  egj; 
that  had  been  cut  in  two.    This  enormous  gem  made  a  part  of  the  neck 
lace  of  this  prince,  and  was  estimated  by  him,  without  any  fear  of  Ending 
a  purchaser,  at  12,500,000  pounds  sterling — about  as  much  as  300,000,0(10 
francs.     We  know  nothing  of  the  quality  or  weight  of  this  ruby,  which 
has  not  yet  been  brought  to  England.    The  ruby  is,  with  the  sapphire, 
the  zircon,  and  the  garnet,  one  of  the  heaviest  of  stones.     In  water  it 
loses  only  about  the  fourth  of  its  weight. 

The  Indian  princes  set  their  beautiful  rubies  in  the  collet  of  a  ring, 
somewhat  elevated,  and  surround  them  by  several  rows  of  small  dia 
monds,  so  that  the  whole  produces  a  kind  of  disproportionate  elevation, 
contrary  to  our  ideas  of  good  taste,  which  admits  but  a  single  stone  m 
a  simple  French  setting,  the  stone  not  too  prominent — for  example,  in 
diamonds,  a  solitaire  of  three  or  four  carats. 

The  composition  of  rubies  is  no  less  extraordinary  than  that  of  thf 
diamond.  Like  the  sapphire,  the  niby  is  nothing  more  than  a  bit  ot 
crystallized  earth,  colored  by  iron,  which  naturalists  call  the  painter  ot 
nature.  It  is  not  too  much  to  repeat  the  strange  assertion,  that  nature  has 
made  the  most  precious  stones  with  the  most  common  materials,  we  will 
say  that  this  kind  of  earth,  called  aluminium  or  clay,  and  the  white  i)ebble 
or  rock-crystal,  called  silica^  or  flint,  form  the  base  of  nearly  all  gems.  Opal 
is  rock-crystal  with  water.  Topaz  joins  a  little  fluoric  acid  to  silex  ami 
aluminium.  The  emerald,  the  crjsolite,  the  aqua-marine,  the  tourmaline, 
and  the  eulase.contain  another  element  besides  sUex  and  aluminium,  viz: 
glncinc.  Finally,  garnet  is  so  ferruginous  that  it  acts  on  the  magnetic 
needle.  The  zircon,  a  stone  very  little  esteemed  in  France,  has  for  bnse 
a  peculiar  kind  of  earth  called  zircone. 

As  accessory  to  the  ruby,  we  may  mention  a  stone  less  deeply  red  in 
color,  called  the  spinelle  ruby.  The  crystalline  form  of  this  differs  from 
that  of  the  oriental  ruby,  which  is  a  six-sided  cylinder,  cut  squarely  at 
both  ends;  while  the  spinelle  is,  like  the  diamond,  a  double  pyramid. 
The  name  of  halass  ruby  has  been  given  to  a  stone  of  ]\Iagal,  which 
several  authors  regard  as  a  real  oriental  ruby,  only  having  a  less  rich 
color.  The  ancients  did  not  apply  the  name  ruby  to  this  stone.  It  is 
called  by  Pliivy  carbuncule,  (incandescent  coal,)  and  by  Ovid  and  the 
poets  pyrope^  or  that  which  has  the  color  of  fire — 

Flamii^a«  \TO\lttti\e  -jjxjTopt. 
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With  US  the  word  carbuncle  is  little  used  except  to  describe  a  ruby  of 
considerable  size.  Pliny  has  evidently  confounded  the  Indian  rub}'  with 
the  garnet,  which  is  found  everywhere.  Certain  rubies  cat  spherically — 
a  form  which  is  called  calotte  spUerique^  tallow  drop,  or  cabochon — pre- 
sent in  the  middle  of  their  red  tint  a  white  six-rayed  star,  which  changes 
with  the  position  of  the  eye  and  forms  in  the  sunlight  a  beautiful  spec- 
tacle. This  effect  is  called  asUrie.  It  is  found  also  in  the  sapphire,  a 
near  relation  of  the  ruby;  like  it,  being  composed  of  aluminium,  ai^d 
colored  by  iron,  differing  only  in  its  color,  which  is  blue,  while  that  of 
the  ruby  is  the  most  vivid  and  purest  red. 

!Next  in  rank  to  the  ruby  we  place  the  emerald^  of  which  Pliny  says 
no  gem  has  a  color  so  agreeable.  This  stone,  which  comes  to  us  from 
Peru  and  New  Grenada,  is  very  soft,  hardly  scratching  rock-crystal.  It 
is  found  in  beautiful  green  crystals,  implanted  and  produced  in  a  kind 
of  freestone  of  a  whitish  color;  and  we  can  comprehend  no  cause  other 
than  electricity  for  such  a  deposit  as  that  of  the  emerald  in  the  midst 
of  a  stone  diifering  both  in  nature  and  in  color  from  this  gem.  Nero, 
who  was  near-sighted,  used  an  emerald,  hollowed  on  both  sides, 
through  which  to  look  at  the  games  in  the  amphitheaters.  This  was 
doubtless  the  first  approach  to  spectacles,  since  this  invention  does  not 
date  verj'  far  back. 

The  emerald,  like  the  ruby,  is  a  six-sided  prism  and  squarely  cut  at 
the  ends.  This  stone  is  very  light,  losing  in  water  more  than  one-third 
of  its  weight.  Its  tint  is  so  lovely  that  we  overlook  its  want  of  hard- 
ness, which  might  i)roperly  almost  exclude  it  from  the  rank  of  distin- 
guished gems.  At  the  time  of  the  conquest  of  Peru  a  magnificent 
emerald  was  sent  in  homage  to  the  Pope ;  and  several  years  afterward 
the  emerald  mines  there  were  said  to  be  exhausted  or  lost.  About 
twenty  years  ago  the  principal  of  a  large  establishment  in  Paris,  M. 
Mention,  received  from  South  America  some  magnificent  specimens, 
which  quite  revived  the  emerald  trade,  continued  since  without  inter- 
ruption by  Charles  Achard.  The  deeper  the  hue  of  the  emerald  the 
more  it  is  esteemed.  It  is  the  largest  end  of  the  crystal  that  is  the  most 
strongly  colored.  The  emerald  loses  none  of  its  brilliance  in  artificial 
light ;  a  valuable  proi)erty  in  our  modern  societj',  where  all  great  re- 
unions are  held  at  night.  Haiiy  includes  in  the  emerald  family  the 
aqua-marine  and  the  beryl,  one  of  a  greenish  blue,  the  other  yellow, 
but  both  being  like  the  emerald  in  form  and  chemical  composition. 

The  emerjild,  as  well  as  all  stones  whose  color  we  wish  to  develop, 
should  be  cut  with  a  flat  upper  surface,  surrounded  by  retreating  facets, 
continued  all  the  way  underneath.  The  orientals  cut  them  in  broad 
thin  plates,  which,  apparently,  ought  to  show  the  colors  of  the  stone  to 
the  best  advantage ;  but  the  reflection  of  white  light  from  the  large 
upper  surface  becoming  mingled  with  that  which  traverses  the  gem, 
renders  the  hues  of  the  latter  less  discernible.  This  is  the  reason  why 
they  are  not  cut  with  a  table  and  surrounded  by  facets  5  for  thus  iu 
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avoiding  a  large  reflecting  upper  snrface,  tbe  stone  is  made  to  exhibit 
its  fundamental  color  throughout  its  whole  extent.  The  emerald,  though 
much  cheaper  than  the  beautiful  ruby,  is  nevertheless  much  admired 
and  sought  for.  We  might  almost  call  it  a  "stone  of  general  affection,' 
so  much  is  it  esteemed  by  the  many. 

The  sapphire^  which  comes  after  the  emerald,  is  tbe  hardest  of  colored 
stones.  It  may  be  considered  as  a  blue  ruby,  or  tbe  ruby  as  a  red 
sapphire.  With  Haiiy  and  Ma  we,  we  can  say  that  aluminium  is  suscepti- 
ble of  crystallizing  in  almost  all  colors.  The  mineralogical  species  to 
which  the  sapphire  belongs  is  called  the  corindon.  After  the  red  corin- 
don  J  or  oriental  ruhy^  comes  the  blue  corindon,  or  oriental  sapphire.  Some- 
times the  corindon  is  of  a  beautiful  yellow  color ;  then  it  is  called  orienUd 
topaz.  More  rarely  it  is  of  a  violet  hue;  then  it  takes  tbe  name  of  orwu- 
tal  amethyst  Finally,  it  may  be  perfectly  colorless,  like  rock-crystal, 
when  it  greatly  resembles  the  diamond,  with  which  it  is  sometimes  am- 
founded,  but  by  its  greater  weight  and  its  double  refraction  it  maybe 
easily  distinguished. 

By  the  microscope  there  may  be  discovered,  in  certain  pale  sapphires, 
traces  in  the  direction  of  the  faces  of  six-sided  prisms.  The  light  re- 
flected by  these  internal  filaments  produces  three  small  brilliant  traces 
transversely  to  the  filaments  and  to  the  faces  of  the  prism.  The  cross- 
ing of  these  little  bright  lines  forms  within  the  stone  a  six-pointed  star, 
which  gives  to  the  stone  the  name  of  starry  sapphire.  Among  the  wi- 
entals  these  stones  are  highly  esteemed,  especially  when  they  exhibit 
the  star  in  a  ground  of  deep  blue.  Coriudons  of  all  colors  are  suscepti- 
ble of  being  thus  marked.  In  his  voyages  in  Africa,  M.  Abbadie  wore 
a  blue  starry  sapphire,  which  often  commanded  the  respect  of  tbe 
natives.  There  are  stars  on  a  red,  blue,  or  yellow  ground,  according  to 
the  color  of  the  corindon.  As  yet,  this  phenomenon  has  never  been 
seen  in  the  white  sapphire.  I  have  just  said  that  this  reflection  arises 
fipom  little  filaments  within  the  stone.  These  may  result  either  from 
some  foreign  substance  or  from  minute  hollows  left  by  the  regular  dis- 
position of  tbe  particles  at  the  moment  of  crystallization.  If,  instead  of 
trying  to  observe  these  starry  appearances  by  reflection,  the  stone  is  cnt 
so  that  it  can  be  looked  through,  then  the  phenomenon  can  be  easily 
seen.  Unless  the  stone  is  of  a  very  perfect  crystallization,  the  observer 
wfco  takes  for  the  point  of  sight  a  lighted  candle,  placed  at  a  moderate  dis- 
tance, will  perceive  these  little  luminous  lines  of  light  crossing  all  tbe 
series  of  filaments  which  the  mineral  contains.  According  as  the  stone 
has  a  four  or  six  sided  form,  we  have  a  four  or  six  rayed  star,  and  if  tbe 
filaments  are  all  in  one  direction  we  have  a  luminous  band. 

In  scratching  with  the  point  of  a  diamond  a  plate  of  glass  in  various 
directions,  we  produce  bands  of  light  of  the  same  number  as  the  traces 
upon  the  surface,  which  are  always  in  a  transverse  direction  to  these 
traces.  We  can  even  very  simply  produce  a  star  in  spreading  with  tbe 
finger  a  little  wax  or  ^e^c^^  \xpQi\i  ^  ^\A.tA  of  thin  glass.    It  is  necessai; 
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for  tliis  that  the  coating  should  be  very  thin  so  as  merely  to  dull  the 
glass,  and  that  the  finger  should  be  moved  directly  across — for  example, 
from  right  to  left,  or  from  above  downward;  then  looking  through  it  at 
a  lighted  candle,  there  will  be  seen  a  band  of  white  light  crossing  the 
direction  of  the  lines  of  tarnishing.  If  the  same  operation  is  performed 
in  two  directions  on  opposite  sides  of  the  glass,  then  a  four-limbed  cross 
will  be  formed  by  the  two  luminous  bands  which  cross  each  other  be- 
fore the  eye. 

Ceylon  produces  a  greenish  stone  traversed  by  filaments  of  white 
amianthus,  which  is  called  the  caVs-eye^  and  which  is  usually  cut  spheri- 
cally and  quite  prominent.  We  see  in  it  a  floating  band,  which  comes 
from  the  play  of  light  on  the  lines  of  amianthus  within  it.  In  genenil 
with  these  curious  accidents  of  light  exhibited  by  exceptional  stones, 
the  color  of  the  starry  radiance  should  contrast  as  much  as  possible 
with  the  tone  of  the  stone  itself.  In  simply  scratching  crossed  lines  on 
a  l>eautifal  carnelian,  I  have  succeeded  in  ])roducing  a  white  cross  on  a 
red  ground.  In  minerals  this  starrj^  quality  is  very  valuable,  because 
it  reveals  the  primitive  form  of  the  substance  in  which  it  is  found,  and 
I  repeat  that,  by  looking  through  a  stone  suitably  cut,  we  find  these 
luminous  transverse  bands  in  a  great  variety  of  crystallized  minerals. 

There  is  a  very  hard  dust  employed  in  the  arts,  called  emery,  a  pow- 
der used  in  rubbing  or  grinding  down  bodies  with  hard  surfaces.  This 
substance  is  a  species  of  corindon  or  sapphire,  containing  a  tolerably 
large  proportion  of  iron,  which  has  been  substituted  for  the  aluminiam 
at  the  time  of  the  formation  of  the  stone.  This  substitution  is  quite 
common  in  chemistry  and  mineralogy.  It  is  believed  that  the  Chinese 
8ucc^»ed,  by  patience,  in  cutting  diamonds  with  emery.  This  must  be 
very  slow  work,  becauvse  the  stone  of  which  emery  is  composed  is  A'ery 
much  softer  than  the  diamond  ;  it  is  like  sharpening  steel  by  rubbing  it 
on  paper  or  linen.  However,  if  patience  can  work  miracles,  it  is  doubt- 
less reserved  for  the  Chinese  to  accomplish  this  result. 

We  shall  place  after  the  sapphire,  the  op«/,  which  comes  from  Hun- 
gary and  Mexico.  The  Hungarian  opals  are  much  the  superior,  and 
have  not  the  disadvantage  of  deteriorating  with  time.  Some  years  ago 
the  opal  was  higher  in  price  than  the  sapphire;  but  increase  in  value 
inducing  a  more  active  working  of  the  mines,  the  price  of  opals,  beauti- 
ful as  tliey  are,  fell  to  what  we  find  it  at  present.  For  the  perfection  of 
an  opal,  it  should  exhibit  all  the  colors  of  the  solar  spectrum,  dis]>osed 
in  small  spaces,  neither  too  large  nor  too  small,  and  with  no  color  pro- 
dominating.  The  opal  is  sometimes  called  the  harlequin,  in  alluMon  to 
the  great  variety  of  colors  which  it  displays.  The  substance  of  the  opal 
is  of  a  milky  hue  and  of  a  pale  gi'eenish  tint.  This  milkiness  is  gener- 
ally known  by  the  term  opalescence.  It  is  the  color  of  water  in  which 
a  little  soap  has  been  dissolved.  In  order  to  explain  the  brilliant  colors 
of  the  opal,  we  may  imagine  in  the  stone  a  great  number  of  isolated  fis- 
sures, of  variable  width,  but  always  very  narrow.    Eacln  ^'a%^\Y^^^^iK»\^l 


356      THE  DIAMOND  AND  OTHER  PRECIOUS  STONES. 

ing  to  its  width,  gives  a  peculiar  tint  similar  to  tUo  effect  produced  by 
pressing  two  plates  of  glass  together :  we  may  recognize  violet,  blue, 
indigo,  red,  yellow,  and  green,  the  last  two  being  exhibited  more  rardy 
than  the  others. 

As  a  proof  that  the  brilliant  colors  of  the  opal  are  due,  as  we  baie 
said,  to  narrow  fissures,  similar  colors  may  be  produced  by  partiaDy 
fracturing,  with  the  blow  of  a  hammer  or  a  wooden  mallet^  a  cube  of  glass 
or  even  a  rock-crystal.  Colors  obtained  in  this  way  are  known  in  optics 
l^y  the  name  of  colors  of  thin  plates,  and  are  of  the  same  character  as 
those  of  flowers,  which  result  from  the  overlaying  of  the  transparent 
tissues  of  which  the  petals  are  composed.  Herein  lies  the  secret  of  aO 
their  varied  hues  from  their  first  opening  until  their  final  decay. 

Sometimes  the  opal  is  colored  only  in  its  substance,  has  not  so  great 
a  play  of  light  as  when  it  is  variously  traversed  by  fissure^  and  then  it 
is  not  so  much  esteemed.  Again,  it  may  have  extended  fissures  exhibit- 
ing a  somewhat  changeable  single  color — red,  blue,  yellow,  or  greeo. 
The  Empress  Josephine  once  paid  a  A^ery  high  price  for  a  pair  of  tliese 
stones,  it  being  then  the  fashion  to  wear  two  bracelets  exactly  alike, 
and  it  Avas  quite  difficult  to  get  two  stones  perfectly  matched,  since  tbt 
interior  disposition  of  the  fissures  of  the  opal,  which  gives  its  peculiar 
play  of  color,  depends  entirely  upon  accident.  At  present  it  is  only  the 
harlequin  opals  that  are  much  valued,  and  those  of  Josephine  would 
not  now  bring  a  tenth  of  their  former  cost. 

Except  for  ear-rings,  the  opal  should  be  set  singly,  with  or  withoat « 
surrounding  of  small  brilliants,  whose  vivid  lusters  and  scintillatioos 
contrast  favorably  with  the  tints  of  the  opal. 

The  opal  is  not  a  A'ery  hanl  stone.  In  its  chemical  compositioD  it  is 
only  hydrated  quartz — that  is,  white  pebble,  combined  with  water. 
Heat,  expanding  its  fissures,  varies  its  colors,  and  pressure  obviously 
produces  the  same  eifect.  I  have  thus  often  changed,  without  perma- 
nent alteration,  the  colors  of  a  beautiful  Hungarian  harlequin  opal. 

Before  the  revolutionary  tempest,  in  the  closing  years  of  the  past  cen- 
tury, the  financier  d'Augny  possessed  a  harlequin  opal  of  great  beauty. 
It  was  a  perfect  oval,  21  millimeters  long,  and  from  15  to  10  millimeten 
in  breadth.  Esteemejjl  as  entirely  perfect,  the  stone  had  a  great  celeb- 
rity. I  do  not  know  if  d'Augny  ran,  like  the  senator  Nonius,  any  risk 
of  proscription  during  the  years  of  terror;  but  certainly  if  he  did,  it  was 
not  on  account  of  his  possession  of  this  unparalleled  opal,  since  the 
wretched  tyrants  of  '93,  Avho  sold  to  foreigners  the  treasures  of  St 
Denis,  and  of  many  other  churches,  for  80,000  francs,  did  not  dream  <rf 
opals  exhibiting  all  the  colors  of  the  rainbow. 

The  opal  of  d'Augny,  the  value  of  which  I  have  nowhere  seen  esti- 
mated, passed  some  time  ago  into  the  hands  of  Count  Waliski.  The  opal 
of  Nonius,  of  the  size  of  a  hazel-nut,  which  he  selected  from  among  all 
his  treasures  as  the  companion  of  his  exile,  was  estimated  at  20,000,000 
sesterces,  whicVi,  accot^m^  to  Wi^  ^i."aftX»  \aAilft  of  M,  Dureau  de  la  Malk, 
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in  his  book  on  the  Political  Economy  of  the  Romans,  is  about  4,000,000 
francs.  Now,  if  we  recollect  that  before  diamond-cutting  was  under- 
stood, the  opal  was  the  only  stone  which,  receiving  the  white  light  of 
day,  gave  it  back  refracted  in  a  thousand  magic  tints,  this  price  does 
not  appear  too  much  for  a  gem  which  was  the  Koliri-noor  or  the  Regent 
of  Borne.  The  opal,  at  the  same  time  that  it  is  the  lightest  of  all  gems, 
losing  in  water  one-half  its  weight,  is  also  one  of  the  softest.  Those  of 
India  are  somewhat  superior  in  these  respects. 

In  actual  value  the  Paris  market  places,  next  after  the  opal,  two 
stones  of  an  undecided  greenish  yellow,  viz,  the  chrynoUte  and  the  peridot 
The  first  is  characterized  by  its  lively  luster,  its  polish,  analogous  to 
that  of  the  sapphire,  and  its  warm  bright  tint.  It  is  the  "  stone  of  affec- 
tion'' of  Sir  David  Brewster,  so  celebrated  for  his  researches  in  optics. 
The  chrysolite^  or  Cymophanej  has  often  the  milkiness  of  the  sapphire.  To 
enumerate  its  other  properties  we  must  enter  the  broad  field  of  modern 
optics,  speak  of  double  refraction,  of  polarization,  and  the  colors  which 
are  exhibited  in  the  light  which  traverses  crystals,  and  finally  of  the 
three  kinds  of  colored  rings,  namely,  those  with  black  lines,  those  with 
black  crosses,  and  those  without  either  lines  or  crosses.  The  rings  in 
the  chryisolite,  as  in  the  topaz,  are  of  the  first  kind.  This  is  not,  however, 
a  distinguishing  property,  since  it  can  be  made  to  appear,  with  a  little 
dexterity,  in  almost  all  cut  stones.  As  to  the  peridotj  or  olivine^  its  color 
is  deeper  than  that  of  the  chrysolite;  it  is  always  of  a  greenish  olive, 
mingled  with  yellow,  the  green  predominating;  is  very  soft,  scarcely 
scratches  glass.  Its  lack  of  hardness  gives  an  appearance  of  dullness 
to  its  edges.  The  peridot^  which  comes  to  us  from  India,  is  there  used 
as  ornaments  of  harness,  as  well  as  are  the  flatly  cut  emeralds  of  the 
same  country.  Ceylon,  which  is  above  all  other  places  distinguished 
for  the  production  of  colored  stones,  does  not  continue  to  furnish  the 
peridot,  which,  however,  is  not  rare  in  the  lava  from  volcanos,  although 
the  specimens  are  too  minute  to  be  worthy  of  the  art  of  the  lapidary. 

I  have  often  seen  in  the  possession  of  an  amateur  interesting  collections 
of  these  small  crystals,  which,  viewed  by  lamp-light  and  under  a  micro- 
scope, verified  all  the  crystallographic  laws  of  Haiiy.  A  crystal  of  a 
peculiar  property,  though  of  the  minutest  dimensions,  was  to  this  eccen- 
tric amateur  what  the  Star  of  tlie  South  would  be  lo  an  ordinary  collector 
of  diamonds.  His  long  and  minute  investigations  gave  him  great  facil- 
ity in  the  study  of  minute  gems.  From  a  stone  covered  with  small  crys- 
tals he  would  select  one  which,  under  the  microscope,  and  properly 
lighted,  would  present  the  most  interesting  scientific  indications. 

The  peridot  has  the  distinguished  honor  to  be  the  only  pjecious  stone 
that  has  thus  far  been  found  in  aerolites  falling  from  the  sky,  although 
these  little  olive  stones  are  of  no  great  value  if  sold  by  the  carat;  but  if 
suitably  cut  in  their  matrix,  they  afford,  if  not  very  beautiful,  certainly 
very  curious,  specimens.  I  need  scarcely  say  that  the  existence  of  a 
crystallized  stone  found  in  bodies  falling  from  the  atmosphere  refutes  the 
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idea  that  these  meteorites  are  formed  suddenly  by  the  condeDsation  oC 
exhalations  from  the  earth.  The  regular  disposition  of  the  particles  of 
a  substance  in  the  form  of  a  crystal  requires  immense  time  as  well  as  per- 
fect freedom  of  motion. 

From  the  peridot  we  pass  to  the  gamete  which  is  a  ferruginous  stooe 
of  a  deep-red  color,  and  often  wanting  in  transparence.     It  is,  however, 
sometimes  found  of  the  beautiful  color  called  peach-bloom.    To  the  per- 
fection of  colors  it  is  necessary  that  a  specimen  should  join  a  regularity 
of  tint,  wanting  which  constitutes  a  defect  easily  i)erceived  by  an  eye 
proj)erly  trained.    There  is  sometimes  found  with  cut  garnets  a  T»y 
pretty  assemblage  of  stones  in  juxtaposition,  which  gives  a  very  agree- 
able appearance  of  black  mingled  with  red.    The  only  garnet  I  have  ever 
seen  of  any  value  is  the  liyacintfie^  a  stone  of  a  luscious  oraugy  yellow 
color,  having  a  little  the  appearance  of  candy  made  of  brown  sugar. 
This  stone,  which  Haiiy  wrongly  separates  from  garnets,  is  not  much 
esteemed  except  by  amateurs  or  collectors  of  curious  specimens.   The 
Hollanders  formerly  cut  garnets  into  a  pearl  shape,  which  were  straog 
in  necklaces  and  used  as  money  among  the  slave-traders.    As  in  isap- 
phires,  asUra  may  be  observed  in  garnets,  and  I  have  been  able  to 
verify,  by  the  cutting,  all  that  this  phenomenon  indicated  of  the  struct- 
ure of  the  stone. 

In  the  garnet  -can  be  developed  crosses  with  six  and  also  with  foui 
limbs,  besides  straight  and  oblique  crosses,  without  counting  certain 
circles  of  light  resulting  from  a  cutting  perpendicular  to  the  asterial  fila- 
ments. 

Both  for  mineralogy  and  also  for  optics  the  study  of  gems  affords 
many  important  facts.  It  is  to  the  study  of  mineralogical  optics  that 
Mains,  Arago,  Fresnel,  and  Biot,  in  France;  Huyghens,  in  Holland; 
Wollaston  and  Sir  David  Brewster,  in  England;  and  Seebeck  and 
Haidenger,  in  Germany,  owe  so  much  of  their  renown,  and  to  which  the 
science  of  light  is  indebted  for  its  most  beautiful  discoveries. 

Pliny  gives  no  Latin  name  to  the  garnet,  but  confounded  it  with  all 
stones  of  a  red  color,  under  the  head  carbunculi.  It  is  the  heaviest  of 
gems,  and  like  the  diamond  does  not  possess  double  refraction.  From 
the  white  garnet  of  Norjvay  very  excellent  microscopic  lenses  have  been 
made,  although  it  is  ordinarily  from  the  diamond  that  small  and  exceed- 
ingly powerful  lenses  of  this  kind  are  formed.  The  cutting  of  such  lenses 
is  very  difficult,  and  the  price  commensurate  with  the  labor  and  skill  re- 
quired in  the  operation.  I  may  here  observe  that  another  mineralogi- 
cal crystal  having  single  refraction,  the  amphigene^  strongly  refractive 
and  perfectly  colorless,  may  also  perhaps  be  used  to  form  smidl,  xK>werful 
lenses. 

The  tapazj  whose  name  is  derived  from  its  yellow  color,  is  a  mineral 
which  also  crystallizes  in  prisms,  and  is  susceptible  of  being  very  uearlj 
broken  transversely.  They  are  of  all  colors,  and  come  principally  from 
Brazil  and  Saxony^  tViovxgYL  S\\i^x\^  ^^'Ci  ^\tt\\\^\i'^  them.    The  price  of 
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the  yellow  variety,  wliicb,  strictly  speaking,  only  ought  to  bear  the  name 
of  topaz,  has  wonderfully  declined  during  the  last  quarter  of  a  century. 
The  Brazilian  topaz  cannot  be  confounded  with  the  oriental,  which  is  a 
beautiful  corindon  of  a  yellow  color,  deepening  almost  to  orange. 

Although  the  topaz  is  not  considered  a  very  brittle  mineral,  it  is  said 
that  the  Emperor  Maximinius,  who  broke  the  teeth  of  his  horse  with  a 
blow  of  his  fist,  and  the  leg  of  a  beast  by  one  of  his  royal  kicks,  was  so 
strong  in  the  hands  that  he  could  crush  topazes  as  we  crush  a  lump  of 
sugar.  The  topaz  has  been  for  a  long  time  a  great  favorite,  especially 
with  the  Spaniards,  but  with  the  caprice  of  fashion  it  has  of  late  years 
greatly  declined  in  the  estimation  of  the  public. 

It  was  on  the  white  topaz  of  Brazil  that  Fresnel  made  the  important 
discoveries  of  double  refraction  with  two  axes.  It  is,  also,  the  topaz 
which  bears  the  name  of  water-drop,  which  is  made  so  often  to  pass  for 
the  diamond.  In  mineralogy  this  stone  serves  as  one  of  the  types  of 
comparative  hardness.  Thus,  we  say  a  stone  scratches  glass,  scratches 
rock-crystal,  scratches  topaz  and  sapphire,  according  to  the  A-arious 
de^fees  of  hardness.  For  example,  the  Brazilian  topaz  cannot  scratch 
sapphire,  which  is  one  test  of  a  diamond.  The  black  diamond  of  Borneo 
scratches  every  stone,  even  diamond  itself.  As  to  the  peridot  and  opalj 
they  scratch  nothing,  not  even  ordinary  bottle-glass,  which  I  use  in  ex- 
periments of  this  kind ;  as  to  window-glass  it  has  become  too  soft  of  late 
to  be  used  as  a  test,  since  for  economy  it  is  now  made  with  too  large  a 
proportion  of  alkali. 

The  blue  topaz  of  Brazil  has  never  as  deep  a  tint  as  that  of  the 
sapphire;  it  is  only  an  aqua-marine  of  superior  quality.  Of  all  topazes, 
the  only  one  highly  esteemed  is  that  artificially  colored,  of  a  pale  rose 
hue,  by  means  of  fire.  For  the  specimens  that  we  wish  to  experiment 
with  we  must  choose  those  of  a  deep  yellow  or  rich  orange  color.  After- 
ward they  are  placed  in  ashes  or  sand  and  submitted  to  a  red,  or  even 
a  white  heat,  more  or  less  prolonged.  When  they  are  taken  out  we 
find  the  tint  changed  to  the  light  red  of  what  is  called  rvJ)y  halaia  or 
ruby  hrulee,  (burnt  ruby.)  The  gay  color  of  this  ruby  is  very  pleasing 
to  the  eye.  A  dilettante  once  remarked  to  me,  "This  stone  has  an 
amiable  character.^  I  was  entirely  of  his  opinion  as  to  the  moral  of 
this  gem,  although  there  is  certainly  nothing  A^ery  sincere  in  the  means  by 
which  it  acquires  its  beautiful  tint.  If,  like  the  olivine,  the  topaz  had 
been  enveloped  in  volcanic  fires,  it  would  naturally  have  become  a  ruby 
balaiSj  and  no  cloud  would  have  rested  on  the  truthfulness  of  its 
character. 

The  mineral  species  which  the  topaz  forms  is  characterized  by  a  cer- 
tain quantity  of  fluoric  acid,  which  it  contains  exclusively%)f  all  other 
gems.  This  stone,  moderately  heated,  becomes  electric  and  will  attract 
light  movable  bodies.  A  delicate  linen  thread,  suspended  vertically  from 
one  end,  is  attracted  by  the  warmed  topaz  as  it  would  be  by  a  stick  of 
sealing-wax  after  being  rubbed  on  cloth.    The  topaz  shares  thiscurioua 
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character  only  with  the  tourmaline.    This  latter  stone,  of  which  wc  shall 
say  very  little  as  a^em,  is  highly  prized  in  optics  on  account  of  its  polar- 
izing qualities,  which  are  utilized  in  a  great  variety  of  apparatus.   It  is 
without  any  brilliant  luster ;  and  though  proposed  as  a  stone  for  mourn 
ing  ornaments,  to  compete  with  jet,  jewelers  have  not  yet  made  up 
their  minds  to  employ  it  for  this  purpose.    For  a  really  rich  mouming- 
decoration,  black  diamonds  are  the  gems  to  be  used,  as  they  have  been 
in  Portugal  in  decorating  the  crown-royal.    The  earliest  specimens  of 
tourmalines  came  from  Ceylon  through  Holland.     The  red  tourmaline 
of  Siberia,  called  also  siherite^  is  pretty  enough  for  a  ring;  it  occurs 
in  minute  crystals.    The  amateur  of  whom  I  have  spoken  had  in  his 
collection  very  small  sibcrites,  from  Corsica,  of  a  crystalline  form  and 
exquisite  in  color  5  they  would  have  served  as  gems  for  the  decoration 
of  the  Liliputians.    There  are  beautiful  green  and  blue  tourmalines, 
which  come  from  South  America,  and  are  called  Brazilian  emeralds  and 
sapphires.    The  aqua-marine,  the  name  of  which  indicates  its  sea-green 
hue,  is  a  stone  of  a  mineralogical  character  similar  to  that  of  the  em^ 
raid,  but  little  in  demand  at  the  present  time.    It  is  possible  that  tkere 
may  be  an  augmentation  in  its  price,  since  no  new  ones  are  received  in 
market.    This  stone  loses  nothing  of  its  appearance  in  artificial  light, 
and  it  is  sometimes  curious  to  see  a  magnificent  decoration  of  sapphires 
wanting  in  effect  at  night,  while  a  cheaper  one  of  aqua-marine  is  not 
only  preservinig  its  splendor,  but  seeming  to  gain  in  brilliance  by  can- 
dle-light.   The  English  regard  aqua-marine  with  the  partiality  the  Span- 
ish had  for  the  topaz. 

This  stone  takes  a  beautiful  polish,  and  preserves  it  for  a  long  time. 
It  is  less  hard  than  the  topaz,  and  possesses  many  optical  qualities,  on 
which  our  limits  will  not  permit  us  to  touch. 

We  come  next  to  the  amethyst,  the  name  of  which  signifies  a  specific 
af/ainst  drunkenness.  It  is  a  true  rock-crystal  of  a  beautiful  violet  color; 
it  is  essentially  a  daylight-stone.  Nothing  is  wanting  to  this  lovely 
gem  but  rarity.  Pliny  employ's  the  word  amethystize  as  synonymous 
with  violetize.  Modern  savans,  with  their  lynx  eyes,  find  a  difference 
between  violet  rock-crystal  and  pure  amethyst.  The  latter  is  charac- 
terized by  a  series  of  little  undulated  strata,  which  is  wanting  in  the 
violet  rock-crystal.  There  are  specimens  of  colorless  quartz  which 
have  a  structure  similar  to  that  of  the  amethyst.  When  certain  agates 
consist  of  very  thin  layers  of  a  uniform  thickness,  they  take  the  colors 
of  the  spectrum,  and  are  called  iridescent  agates.  It  is  probable  that 
the  myrrhine  vases,  whose  value  reaches  some  hundreds  of  thousands  of 
francs,  were  cut  from  iridescent  agates.  Sir  David  Brewster  has  given 
the  exact  tlfeory  of  this  iridescence,  ignorant  that  I  had  already  done 
so  before  him  in  the  re]>orts  of  the  Institute. 

The  same  philosopher  has  also  demonstrated  that  the  color  (A  sea- 
shells  is  also  due  to  their  surface  being  striated  by  undulating  and 
closely  approximated  inm\x\fc  \\w^^\  toc^VL  ^^  \»kA  tlie  im^jressioDS  of 
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one  of  these  shells  in  finely  prepared  wax,  we  get  the  colors  as  well  as 
the  form  of  the  specimen.  Mjrrhine  vases  were  sold  at  70,  100,  and  300 
talents.  The  talent  was  about  540  francs.  Wo  may  find  among  miner- 
als many  stones  which,  being  cut,  will  make  excellent  gems.  There  is 
the  euclase,  a  weak  emerald  in  color,  but  not  so  hard  as  a  real  emerald. 
The  amphigene  is  as  pretty  as  the  white  sapphire.  The  prehnite  is  a 
tolerably  good  cHadon,  It  is  somewhat  remarkable  that  researches  in 
mineralogy  have  led  to  nothing  new  in  the  way  of  precious  stones.  This 
illustrates  a  remark  of  Humboldt  that  mineral  nature  is  the  same  from 
one  end  of  the  world  to  the  other,  which  cannot  be  said  of  either  the 
vegetable  or  the  animal  kingdom. 

There  is  no  hope,  then,  of  our  finding  anything  beyond  diamonds,  ru- 
bies, sapphires,  topazes,  emeralds,  and  amethysts.  The  only  resource 
is  the  laboratory.  To  obtiiin  new  gems  man  must  not  count  upon  nature 
but  upon  his  genius. 

In  terminating  the  list  of  precious  stones  let  us  say  a  word  (fbont  the 
white  pebble  or  rock-crystal.  This  is  nothing  but  flinty  sand,  crystallized 
and  variously  colored.  Almost  all  false  gems,  so  called,  are  made  from 
rock-crystal  or  quartz.  Thus  rock-crystals,  cut  like  the  diamond,  as 
Khine  diamonds  and  Alenjon  diamonds,  are  called  false  diamonds.  It  is 
only  violet  quartz  which  makes  the  true  amethyst.  Eccently  an  attempt 
has  been  made,  with  considerable  success,  to  imitate  the  yellow  topaz 
with  rock-crystal  of  the  sam^  color.  There  is  developed  in  the  stone  a 
very  rich,  velvety,  orange  color.  As  to  all  the  reflections,  the  tints,  the 
degrees  of  transparence,  or  of  opalescence — in  fine,  of  all  the  forms  which 
quartz,  a  veritable  proteus,  can  assume,  a  volume  would  hardly  suflBco 
to  detail  them.  Formerly  rock-crystal  was  used  for  chandeliers  and 
many  other  articles  for  which  glass  is  now  substituted.  The  ancients 
were  cognizant  of  the  power  balls  of  rock-crystal  possess  to  concentrate 
the  sun's  rays  and  of  setting  fire  to  bodies.  Physicians  also  used  them 
to  cauterize  certain  wounds,  in  accord  with  the  adage,  "After  medi- 
cine, the  knife;  after  the  knife,  fire;  after  fire,  nothing."  These  balls  can 
likewise  be  employed  as  microscopes,  especially  when  they  are  small. 
Minute  nature  might  have  been  studied  as  well  by  the  ancients  as  in  our 
day  had  they  been  so  inclined. 

I  have  not  mentioned  turquoises,  of  which  there  are  two  kinds, 
both  without  transparency,  One  of  these  is  made  from  the  teeth  of 
the  mastodon  and  colored  with  copper,  a  green  e6ladon.  It  is  a  kind 
of  fossil  ivory.  The  other  is  a  true  mineral  of  the  same  greenish 
blue  color,  and  is  a  great  deal  admired ;  it  costs  about  forty  francs 
the  caret.  The  turquoise  is  perfectly  imitated  by  porcelain.  This 
stone,  without  transparency,  can  scarcely  be  reckoned  among  gems; 
it  is  rather  a  kind  of  natural  enamel.  We  have  also  omitted  feldspar, 
which  contains  an  alkaline  principle,  and  which  yields  stones  having  a 
mother-of-pearl  luster,  but  without  colors.    However,  when  feldspar  is 
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of  a  golden -yellow  tint,  coTered  with  little  reddish  spots,  it  is  cut  like  a 
gem,  but  is  at  the  present  time  very  little  known ;  it  is  called  atentnrine. 

After  the  consideration  of  crystallized  minerals  in  nature,  we  should 
attempt  the  imitation  of  them  in  the  laboratory.  I  do  not  mean  such 
imitation  as  paste  and  color  produces.  I  refer  to  the  reiiroiluctioa  as 
nature  gives  the  gems  to  us,  and  propose  the  making  of  real  precioos 
stones,  such  as  has  been  attempted  in  the  case  of  the  diamond.  I  have 
already  said  that  Ebelman,  at  Sevres,  has  crystallized  aluminium  and 
silex  thus  making  a  true  spinella.  M.  Despretz,  in  the  exi>erimeDtft 
by  which  he  has  volatilized  charcoal  and  the  diamond,  has  also 
melted  aluminium  and  silex.  He  has  obtained  from  these  substances 
little  hollow  spheres,  lined  inside  with  crystals,  like  the  cavities  which 
are  found  in  mines  containing  crystals  of  various  kinds.  In  all  the  ex- 
periments of  Despretz,  the  exceedingly  intense  heat  wJiich  he  produced 
by  electricity  only  served  to  dissipate  the  particles  of  the  diamood 
without  producing  any  crystallization.  It  is  therefore  evident  that  the 
diamond  is  not  an  igneous  production.  Its  origin  is  probably  electric; 
but  what  was  the  epoch  of  its  first  production  from  ordinary  carbon, 
and  where  did  its  crystallization  begin  ! 

According  to  M.  Boutigny,  the  carbon  of  the  earth  comes  from 
showers  of  hydrogen,  united  with  carbon,  which  watered  as  it  were  the 
earth  when  it  was  too  hot  to  receive  ordinaiy  rains.  We  have  not  yet 
seen  the  bearing  of  this  hypothesis  on  the  crystallization  of  the  diamond. 
I  have  already  said  that  sulphur  and  carbon,  in  uniting  together,  produce 
a  liquid  as  limpid  as  water  or  pure  alcohol.  Now,  with  this  it  might 
be  well  to  try  the  following  experiment :  Having  filled  a  strong  iron 
bottle  with  the  liquid,  and  having  covered  it  with  an  iron  stopper,  firmly 
screwed  into  the  neck,  I  would  place  it  in  an  oven  at  200  or  300  degrees 
centigrade  of  heat.  At  this  temperature  the  iron  of  the  bottle  and  the 
sulphur  would  possibly  react  upon  each  other  and  enter  into  combina- 
tion. Now,  the  sulphur,  uniting  with  the  iron,  would  leave  the  carbon 
firee,  which  might  thus  slowly  arrange  itself  in  the  crystalline  form.  I 
merely  propose  this  experiment,  which  might  require  a  long-continued 
heat  of  uniform  temperature,  to  illustrate  the  play  of  chemical  affinity. 
It  is  possible  the  effect  would  be  analogous  to  that  which  takes  place 
when  a  porous  body  is  plunged  into  a  saline  solution,  which  absorhs 
the  water  and  leaves  the  salt  crystallized  on  its  surface.  We  should 
inform  those  who  may  be  tempted  to  try  this  experiment,  that  the 
fluid  within  the  bottle  would  acquire  by  heat  an  immense  repulsive  force, 
sufficient  to  break  almost  any  vessel  inclosing  it,  especially  one  of  iron, 
after  the  metal  has  been  acted  on  by  sulphur.  The  old  alchemists  fre- 
quently met  with  serious  accidents  in  their  attempts  to  transmute  mer- 
cury by  overheating  it  in  closed  iron  vessels. 

We  have  just  said  that  there  is  very  little  chance  that  nature  will 
furnish  us  with  any  new  minerals.  We  must  therefore  depend  on  the 
results  of  the  laboratory,  aud  examine  every  substance  whose  hardness, 
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polish,  transparence,  and  crystallization  render  them  suitable  for  gems. 
TVo  may  afterward  discover  the  method  of  coloring  them,  which  would 
not  seem  a  very  difficult  task,  from  the  fact  that  the  coloring-matter  is 
always  a  foreign  substance,  and  that,  in  many  cases,  gems  have  already 
been  artificially  colored.  Ebelman,  by  evaporating  ether  from  silica, 
has  obtained  beautiful  specimens  of  paste,  exactly  resembling  opal. 
Though  man  may  never  be  able  to  discover  all  the  processes  of  nature  in 
the  production  of  objects  of  curiosity  or  practical  utility,  yet  he  is  every 
day  inducing  her  to  disclose  some  of  the  secrets  of  her  operations,  either 
as  she  reveals  them  spontaneously  in  the  changes  of  the  earf h  or  is 
forced  to  repeat  them  under  the  coercion  of  her  own  agents — heat,  light, 
and  electricity. 


ETHNOLOGY. 


ox  THB  LANGUAGE  OF  THE  ABORIGIXAL  IXDIANS  OF  AMERICA. 

By  George  Gibbs. 


Among  the  questions  submitted  for  consideration  at  the  meeting 
of  the  American  Philological  Convention  in  July,  18C9,  was  the  fol- 
lowing: "What  more  efficient  measures  can  be  taken  to  preserve 
from  destruction  the  languages  of  the  aboriginal  Indians  of  America  !^ 
This  communication  embodies  the  substance  of  my  individual  views,  as 
then  offered,  and  I  now  take  the  liberty  of  presenting  them  to  yonr 
consideration  in  the  belief  that  the  Smithsonian  Institution  possesses 
the  only  appliances  adequate  to  the  task. 

The  introduction  to  this  topic  might  suggest  an  account  of  what  has 
already  been  done  in  the  collection  of  materials  on  those  languages;  but 
this  would  involve  a  multitude  of  details,  chiefly  the  names  of  books, 
to  criticise  which  would  be  out  of  place.  A  very  full  catalogue  of  all  dic- 
tionaries, vocabularies,  grammars,  and  grammatical  notices  prior  to  the 
year  1858,  was  compiled  by  Dr.  Hermann  E.  Ludewig,  and  published  in 
London  by  the  Messrs.  Triibner,  with  corrections  by  the  late  Professor 
Q[?urner.  From  this  it  appears  that,  with  the  exception  of  a  compara- 
tively small  number  of  languages,  out  of  over  thirty  distinct  famihes 
enumerated  by  Mr.  Gallatin,  and  not  including  those  of  Texas,  New 
Mexico,  Arizona,  or  the  Mexican  States,  there  are  no  grammars  or  dic- 
tionaries worthy  of  those  names.  Of  the  rest  of  those  north  of  the  pres- 
ent Mexican  line  nearly  all  that  we  have  consist  of  mere  word  vocaba- 
laries,  such  as  have  served  for  the  comparisons  by  which  the  various  fami- 
lies have  been  distinguished.  These  are  for  the  most  part  confined  to 
the  forms  adopted  by  Mr.  Gallatin,  and  are  either  of  sixty  or  at  most 
one  hundred  and  eighty  words,  too  few  to  allow  any  but  very  close 
affinities  to  be  recognized,  and  many  of  the  words  ill  adapted  even  to 
that  object.  Without  disparaging  labors  of  this  kind,  a  very  necessaij 
preliminary  to  further  examination,  it  is  certain  that  they  do  not  fill  the 
requirements  of  philological  science  at  the  present  day.  Tho  collections 
already  published,  and  those  in  manuscript  in  the  possession  of  the 
Smithsonian  Institution,  soon  to  be  put  to  press,  cover  nearly  the  whole 
of  the  American  and  British  possessions,  with  the  exception  of  a  few 
Kew  Mexican  pueblos  and  some  scattered  and  unascertained  tribes. 
With  the  publication  of  these  last,  what  may  be  considered  as  the  pri- 
mary classification  of  the  Indian  tribes  in  those  territories,  on  the  basif 
of  linguistic  affinity,  is  about  complete*  To  go  beyond  this  some  new 
standard  hi  required. 
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I  would  suggest,  iu  the  first  place,  the  preparation  of  a  far  more  copi- 
ous vocabulary,  to  be  based  on  the  ideas  exhibited  in  the  languages 
already  known.  The  words  should  be  arranged  not  alphabetically  but 
according  to  subjects,  as  the  only  mode  consistent  with  intelligent  in- 
quiry, and  as  permitting  the  distribution  of  special  or  local  words  j 
for  instance,  objects  familiar  to  one  nation  and  not  to  another.  Such 
a  vocabulary  should  consist  of  not  less  than  fifteen  hundred  words,  and 
an  even  greater  number  would  be  advisable.  In  selecting  these  words, 
particular  reference  should  be  had  also  to  such  as  are  radical  or  contain 
radicals,  and  plain  instructions  be  given  by  which  the  collector,  if  he  has 
leisure  and  inclination,  may  dissect  them. 

Secondly.  A  large  number  of  well-digested  phrases,  based  ujwn  these 
words,  calculated  to  draw  out  the  difterent  forms  of  speech,  and  from 
which  the  grammatical  structure  of  the  language  can  be  deduced. 

Thirdly.  The  preparation  of  a  succinct  and  popular  statement  of 
the  most  striking  peculiarities  of  some  of  the  different  languages  as 
derived  from  grammars  already  published  and  of  well-known  authority. 
No  one  who  has  ever  attempted,  for  the  first  time,  to  acquire  an  Indian 
language  but  has  been  foiled,  over  and  again,  by  a  want  of  knowl- 
edge how  to  direct  his  inquiries ;  and  the  most  intelligent  student  has 
labored  for  a  long  time  without  success,  where  a  slight  clew  would  have 
guided  him.  Although  there  are  certain  characteristics  which  pervade 
almost  all  American  languages,  they  yet  differ  greatly  from  one  another 
in  the  degree  in  which  these  are  marked,  and  often  in  the  method  in 
which  they  show  themselves.  Some  languages,  also,  have  evidently 
reached  a  far  higher  degree  of  culture,  so  to  speak,  than  others.  In 
fact,  there  is  as  much  difference  in  the  grammar  and  syntax  of  differ- 
ent Indian  languages  as  in  those  of  the  ludoGermanic  stock.  In 
many  of  them  a  modification  of  the  numerals  takes  place  according  to 
the  nature  of  the  object  counted,  sometimes  indicating  whether  the 
object  is  animate  or  inanimate,  at  others  various  other  qualities,  as  form, 
&c.;  and  the  number  of  these  modifications  varies  from  two  in  the  Selish 
(one  applied  to  the  first,  the  other  to  the  second  class)  to  over  forty  in 
the  Cakchiquel.  In  the  Otchipw^,  or  Chippeway,  hmguage,  on  the  other 
hand,  where  the  nouns  are  all  divided  into  animate  and  inanimate,  there 
are  a  variety  of  changes  in  the  cardinals,  but  none  on  that  principle; 
while  in  their  place  there  are  certain  numeral  verbs  which  are  animate 
or  inanimate  according  to  the  object  expressed.  In  the  Cherokee  this 
principle  is  not  found  either  in  the  nouns  or  numerals,  nor  are  the  latter 
modified  at  all;  but  the  modifications,  which  are  numerous,  including 
animatx3  and  inanimate,  are  confined  to  the  verbs,  many  of  which  change 
according  to  the  quality  of  the  object  in  which  the  action  terminates. 
For  example,  the  verb  '*  to  take"  is  in  English  simple,  no  matter  what 
is  the  nature  of  the  thing  taken,  but  in  Cherokee  there  is  one  form 
signifying  to  take  a  pliable  object,  another  to  take  a  long  object,  others 
to  take  a  liquid,  an  upright,  or  a  living  object,  and  the  particles  indl- 
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eating  these  go  through  all  the  conjugations,  moods,  tenses,  unmbers, 
and  persons.  It  will  at  once  be  seen  under  what  difficulties  the  student 
labors  who  is  not  forewarned  of  these  modifications. 

It  would,  of  course,  be  unwise  to  swell  a  work  intended  for  popular 
use,  with  all  the  nice  distinctions  of  these  languages,  but  it  is  desirable 
that  the  main  features  of  some  leading  ones  be  i)oiuted  out;  and  in  my 
opinion  the  best  arrangement  would  be  to  take  each  part  of  speech  con- 
secutively, and  to  show  those  features  as  varying  in  different  languages. 
Those  persons  who  have  time  and  leisure  for  closer  and  more  intim»te 
study  could  afterward  refer  to  more  elaborate  grammars.  * 

Such  guides,  in  the  nature  of  instructions,  "  How  to  Observe  and  What 
to  Observe,"  should,  of  cx)urse,  be  disseminated  wide! 3'  through  the  Army, 
among  missionaries,  agents,  surveyors,  and  other  persons  residing  in  or 
traversing  the  Indian  country.  It  is  hoped  that  in  this  way  a  stimulos 
may  be  given  to  the  exertions  of  many  who  only  require  to  know  in  \rhat 
direction  to  employ  their  leisure  and  tastes. 

In  order  to  the  fit  preparation  of  complete  and  exhaustive  works  on 
the  indigenous  languages,  it  is,  however,  necessary  that  there  should 
bo  fit  collectors  in  the  field.  Among  those  who  have  given  most  time 
to  the  actual  study  of  our  linguistics  but  few  can  afford  to  devote  them- 
seilves  to  procuring  new  material.  It  is  chiefly  by  missionaries,  and  by 
the  Catholic  priesthood  especially,  that  the  most  valuable  works  on  the 
subject  have  been  prepared.  Willing  collectors  of  vocabularies  have 
not  been  wanting,  but  of  trained  men  there  are  few  or  nore. 

It  appears  to  me  that  to  accomplish  any  thorough  and  satisfactory 
result,  an  attempt  should  be  made  to  prepare  the  laborers.  It  is  possible 
that  a  foundation  may  hereafter  be  created  for  a  i)rofessorship  in  some 
leading  college  where  the  teaching  of  American  philology  will  form  an 
imi)ortaut  item,  if  not  its  exclusive  object;  but  that  would,  at  best,  reach 
only  a  few  individuals.  Some  wider  method  must  be  adopted  to  instruct 
a  larger  number.  There  has,  as  yet,  been  little  or  nothing  of  *'  Universal 
Grammar"  taught  at  any  of  our  institutions.  Grammars  of  si>eciiil 
languages  are  taught,  it  is  true,  but  with  hardly  an  attempt  to  show 
the  common  sources  whence  these  are  derived,  or  to  exhibit  the  phonetic 
changes  undergone  in  the  lapse  of  time  and  under  phj'sical  influences, 
or  to  trace  back  the  ideas  which  have  developed,  from  single  roots»  words 
of  widely  diflerent  signification,  and  none  at  all  to  develop  the  principles 
lying  at  the  root  of  all  speech. 

It  is  very  true  that  in  a  short  collegiate  course,  pursued  for  the  most 
part  before  the  mind  has  become  mature  enough  to  grasp  at  more  than 
the  facts  of  language,  and  where  utility  is  the  presumed  basis,  it  would 
be  impossible  to  include  such  training  to  any  considerable  extent,  but 
the  course  might  yet  bo  pointed  out  for  after-inquiry.  When  the  time 
cbmes — and  it  is  to  bo  hoped  it  will  before  the  last  vestiges  of  the 
aboriginal  tongues  shall  have  disappeared — in  which  general  grammar 
becomes  a  commou  \>att  ot  ^vXvlcvnXaou^  Wi'^  qamcvqur  modes  of  thought 
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presented  by  the  American  natives  will  doubtless  excite  the  interest  of 
the  student,  and  every  opportunity  be  sought  of  gathering  up  their 
remains.  How  many  languages  which  have  aiisen  since  primeval  man 
first  trod  the  earth  have  perished  from  its  face,  each  indicating,  to  a 
certain  extent,  in  its  mere  words  and  forms,  not  only  the  outward  cir- 
cnustances  in  which  those  races  moved,  but  the  degree  of  their  mental 
culture  and  the  character  of  their  thoughts.  Ethnology  has  no  jsurer 
basis  than  an  intelligent  philology.  One  of  the  least  functions  of  the 
latter  is  to  bring  together  or  distiuguish  races. 

There  is  one  important  point  on  which  I  have  said  nothing.  I  mean 
the  alphabetic  system  to  be  adopted.  I  am  clearly  of  opinion  that  the 
Bomau  and  Italic  letters  should  be  used  wherever  practicable,  and  that 
they  are  in  most  cases  sufficient.  The  alphabet  prepared  by  Professor 
Whitney  for  the  Smithsonian  Institution  is  simple  and  intelligible, 
though  in  particular  cases  it  needs  supplementing.  Foreign  characters 
and  redundancy  of  diacritical  marks  are  objectionable  on  many  grounds. 
It  is  the  difficulty  with  most  systems,  as  with  that  of  Lepsius,  that  they 
are  beyond  the  comprehension  of  any  but  their  inventors,  or  at  least 
require  too  varied  a  knowledge  and  too  great  nicety  for  any  practical  use. 
When  a  work  is  undertaken  by  a  European,  other  than  an  Englishman, 
it  is  better,  perhaps,  that  he  should  write  as  in  his  own  tongue.  That 
will  carry  a  definite  meaning  at  least  to  those  who  understand  its  pro- 
nunciation, and  will  insure  a  degree  of  certainty  not  otherwise  to  be 
relied  upon.  The  explanation,  in  writing,  of  unusual  sounds  is  always 
a  hazardous  experiment. 

The  preparation  and  publicjition  of  such  a  vocabulary,  phrase-book, 
and  grammatical  guide  as  I  have  indicated  would,  it  seems  to  me,  pro- 
perly come  within  the  objects  of  the  Smithsonian  Institution,  and  I  feel 
assured,  from  the  interest  you  have  always  manifested  in  original  philo- 
logical research,  that  the  subject  will  at  least  meet  with  consideration. 


OX  ANTIQUITIES  IN  SOME  OF  TUE  SOUTHERN  STATES. 

By  H.  C.  Williams. 

Near  Vienna,  Virginia,  December  30,  1809. 

Agreeably  to  promise,  I  send  to  the  Institution  a  few  specimens  of 
Indian  arrow-heads,  all  that  I  have  been  able  to  collect.  1  regret  that 
the  number  of  perfect  ones  is  so  small. 

In  Franklin  County,  Tennessee,  in  the  days  of  my  youths  when  the 
country  was  fast  filling  up  by  emigrants  from  the  older  States,  Indian 
relics,  such  as  broken  pieces  of  pottery,  pestles,  axes,  heads  of  war- clubs, 
and  arrow-points,  were  of  frequent  occurrence.  There  was  no  memorial 
in  that  part  of  the  country  to  induce  a  belief  that  it  had  been  inhabited 
by  any  race  of  aborigines,  but  the  general  diffusion  of  the  articles  above 
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named  may  bo  received  as  satisfactory  evidence  of  its  having  been  a 
Imnting-giouud  to  some  not  very  distant  village  or  encampmeut  Tbe 
burial-mounds  near  Chattanooga  and  Sparta  indicate  those  places  as 
headquarters  of  the  tribes  for  a  long  duration  of  time. 

The  fragmeuts  of  pottery  were  generally  of  a  dark  color,  not  very 
hard  or  compact,  with  white  specks  miugled  through  the  mass  as  though 
small  pieces  of  shells  had  been  mixed  with  the  clay,  and  hiul  not  been 
converted  into  lime  by  the  process  of  burning.  The  pestles  and  oth« 
implements  were  fabricated  from  stones  of  different  colors,  apparently 
of  a  clay  basis,  and  corresponding,  in  appearance,  to  rocks  which  are 
common  to  the  Blue  Ridge.  No  such  rocks  occur  between  the  Apa^ 
lachian  chain  and  the  liocky  Mountains.  The  arrow-heads  were  made 
from  quartz,  which  of  this  kind  is  not  found  in  that  country,  the  siliceoos 
minerals,  except  the  sandstone,  being  more  or  less  cherty,  with  a  gemi- 
conchoidal  fracture,  often  associated  with  and  sometimes  embedded  in 
the  limestone  below  the  coal  seams.  Rarely  an  arrow-head  of  this 
mineral  was  discovered. 

The  mounds  near  Chattanooga  have  been  already  noticed  by  your 
correspondents.  I  would  it  were  in  my  iK)wer  to  direct  atteution  to 
another  interesting  locality.  Of  this  my  onlj'  knowledge  is  obtained 
from  a  publication,  I  think  in  the  year  1825,  in  the  Revietc^  a  newspaper 
printed  at  Sparta,  the  seat  of  justice  of  White  County.  As  well  as  my 
memory  serves  me,  Dr.  Fiske  and  some  other  gentleman  made  an  ex- 
amination of  an  ancient  cemetery  near  that  town,  and,  finding  no  remains 
of  adults,  came  to  the  conclusion  that  the  country  had  been  inhabited 
by  a  raee  of  pigmies.  The  graves  were  numerous,  covering  more  than  an 
acre,  were  generally  three  feet  long  and  eighteen  inches  deep,  with  a  "  oof 
fin  "  of  slaty  rocks.  The  bones  were  so  much  decomposed  that  they  feU 
to  pieces  after  a  few  moments'  exposure  to  the  atmosphere.  Perhaps  a 
file  of  the  Review  for  that  year  may  be  in  the  Department  of  State^  for 
in  it  were  i)ublished  the  laws  of  Congress,  and  it  was  then  the  custom  of 
the  Department  to  bind  and  preserve  such  papers.  I  mention  this  to 
enable  persons  investigating  Tennessee  antiquities  to  avail  themselves 
of  the  information  furnished  by  writers  who  observed  and  described 
those  interesting  objects  before  they  were  changed  or  obliterated  by  the 
hand  of  civilization.  In  this  connection  no  book  will  be  so  likely  to 
arrest  the  attention  of  the  curious  as  Haywood's  History  of  Tennessee. 
It  is  to  be  regretted  that  this,  one  of  the  earlier  books  published  beyond 
the  Alleghanies,  is  now  so  scarce  in  the  State  where  the  author  was 
one  of  the  first  and  ablest  of  its  jurists. 

In  closi^jg  this  communication,  intending  in  another  to  notice  the 
locality  of  some  mounds  and  fortifications  not  alluded  to  by  any  of  your 
correspondents  as  I  have  seen,  I  will  state  that  when  on  an  excursion  into 
the  State  of  Arkansas  in  the  year  1837,  I  came  to  a  place  where  doubt- 
less an  immense  number  of  arrowheads  had  been  manufactured.  It 
was  near  the  suvamiti  ot  a  xVOi^'Ck  v\\i<^\3A»  I^q  miles  north  of  the  Hot 
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Springs,  and  west  of  the  road  that  passes  over  the  ridge.  At  that  place 
there  is  an  outcrop  of  the  milky  tchite  variety,  an  intermediate  stratum  of 
the  celehrated  Arkansas  novaeiilite.  There  the  hill-side  for  about  one 
hundred  yards  in  length  was  literally  covered  by  thin  chippings  of  that 
mineral.  Dr.  Sibley  and  Dr.  Dunbar,  who  explored  the  Arkansas, 
Washita,  and  Red  liivers  during  Mr.  Jefferson's  administration,  men- 
tioned in  their  report  that  they  had  discovered  a  place  where  Indian 
implements  had  been  made.  I  have  not  seen  the  report  for  many  years, 
and  cannot  say  whether  this  is  the  locality  alluded  to  by  them,  but  think 
it  is,  for  they  were  at  the  Hot  Springs,  and  there  is  not  another  mineral 
ia  the  State  so  well  adapted  as  the  novaculite  to  this  purpose.  This  is 
the  only  place  in  the  Southwest  that  I  have  seen  which  affords  any  evi- 
dence of  the  fabrication  of  implements  used  by  a  people  whose  history 
is  unknown.  At  Santa  Fe,  in  1858,  a  gentleman  showed  me  several 
*arrow-points  that  had  been  formed  out  of  the  obsidian  found  in  that 
countr3",  and  a  few  days  afterward,  in  the  village  of  Casa  Colorado, 
I  gathered  up  a  small  quantity  of  that  mineral  in  thin  flakes  that  had 
obviously  been  chipped  off  in  fiishioning  arrow-heads.  By  careful  atten- 
tion to  the  mineral  characteristics  of  those  ancient  implements,  espe- 
cially when  composed  of  as  rare  minerals  as  the  novaculite  and  obsidian^ 
we  may  be  able  to  trace  the  migrations  of  the  people  who  used  them. 

The  report  of  Dr.  Sibley,  no  doubt,  can  be  found  in  the  congressional 
documents  of  the  period  or  in  the  reprint  of  them  by  Messrs.  Gales  and 
Seaton.  It  contains  information  that  would  be  appreciated  by  persons 
engaged  in  ethnological  or  philological  researches.  Among  other  things 
it  states  that  two  tribes  of  Indians,  the  Natchez  and  Tenaaws,  if  my 
memory  is  correct,  were  at  war,  that  one  party  was  disastrously  defeated, 
and  escaped  over  the  Mississippi  into  Louisiana.  On  making  a  halt,  the 
first  thing  they  did  was  to  throw  up  a  mound.  This  is  the  only  record 
that  I  have  seen  of  a  mound  being  constructed  within  traditional 
history. 


ETHX0L06T  OF  THE  INDIANS  OF  THE  VALLEY  OF  THE  RED  RIVER  OF  THE 

NORTH. 

By  Dr.  W.  H.  Gardner, 
Assistant  Surgeon  United  States  Army. 

The  earliest  explorers  of  Minnesota  found  the  Dakotas  occupying  all 
this  country  they  now  roam  over  or  have  only  lately  ceded  their  title  to. 
In  prehistoric  times  what  race  dwelt  here  cannot  bo  told;  the  burial 
mounds  and  cnimbling  skeletons,  the  "refuse  heaps"  and  fragments  of 
rude  i)ottery,  point  to  some  branch  of  the  **mound  builders,"  but  whether 
Nuhoas,  Toltecs,  or  Aztecs,  will  probably  never  be  known. 

About  Big  Stone  Lake,  Lake  Traverse,  and  the  west  bank  of  the  lied 
Kiver  of  the  North  and  the  country  adjacent,  for  many  years  past^  the 
24  S 
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Sisscton  and  Wahpeton  bands  of  Dakotas  have  resided ;  almost  jus  rnde 
and  ignorant  as  the  lowest  branch  of  the  Athabascan  stock,  yet  tbev 
arc  tractable  and  show  a  desire  for  bettering  their  condition.  Their 
manners,  customs,  and  language  do  not  ditier  essentially  from  the  other 
bands  of  the  great  Dakota  Nation,  save  from  the  aberrant  bmnebes,  the 
Yanktonais  and  Tetons;  neither  can  those  bands  understand  the  Wah- 
kantans,  Wahpetons,  Wahpecutas,  the  Wabashaw  band,  the  Black-Dog 
band,  the  Red  Wing  band,  &c.  The  language  used  by  them  is  con- 
structed on  the  well  known  i)olysynthetic  plan,  and  is  so  well  koown 
that  one  or  two  dictionaries  have  been  published  of  the  language. 

Polygamy  is  common  among  them,  each  brave  having  as  many  wives 
as  he  chooses  and  can  support,  but  lately  some  of  them  have  embraced 
the  Christian  religion  and  have  "  put  away"  all  their  wives  but  one. 
TheirChristian  system,  ingrafted  upon  their  former  fetiehism,  has  resnlt^d 
in  a  curious  mongrel  theology,  which  would  puzzle  even  Buddha  to  under- 
stand. They  have  the  same  cruel  instincts  that  always  characterize  a 
race  of  hunters;  hardly  one  has  come  under  my  observation  that  has 
not  more  or  less  of  small  scars  upon  the  body,  purposely  made  with 
tire  or  cutting  instruments,  to  show  they  have  "brave  hearts,'^  yet  mj 
experience  with  them  in  sickness  has  been  that  they  be^r  uecessarr 
l)ain  quite  as  badly  as  even  negroes.  Their  tribal  government  is  a  rode 
<lemQcracy,  if  that  can  be  called  a  government  whose  most  binding 
law  is  the  lex  talionis  ;  nor  do  they  recognize  any  head  or  chief  save  him 
who  is  bravest  in  war  and  most  persuasive  in  council.  Their  legends 
and  traditions  are  too  well  known  to  require  only  passing  comment. 
Some  of  them  are  pleasing  and  instructive ;  but  the  most  of  them  are 
puerile  beyond  description,  and  it  is  very  hard  to  tell  what  puri>ose  of 
national  or  social  economy  they  could  possibly  subserve.  The  most  of 
them  are  detailed  at  length  in  "  Mrs.  Eastman's  Legends  of  the  Sioux.' 

Of  the  arts  of  life  they  are  almost  entirely  ignorant ;  even  the  ceramic 
art,  with  which  most  of  savage  tribes  are  necessarily  acquainted,  they 
are  now  ignorant  of,  though  it  would  seem  that  before  their  eomniuni- 
cation  with  the  whites  they  knew  something  of  this  art  and  used  lottery 
made  by  themselves  to  cook  their  food  in.  After  communication  with 
the  whites,  and  a  knowledge  of  metallic  vessels  for  the  purpose  of  cook- 
ing, the  art  of  making  pottery-  was  gradually  neglected  until  it  has  now 
been  lost.  At  all  events  the  Indians  of  these  bands  know  of  no  wav  of 
boiling  their  raw  food  now  save  by  digging  a  hole  in  the  ground  and 
covering  it  with  the  skin  of  an  animal  recently  killed,  into  which  are 
poured  the  water  and  the  food  to  be  cooked ;  stones  are  then  heated  in 
an  adjacent  fire  and  held  in  this  novel  pot  until  the  meat  is  done.  As 
to  their  cooking.  Professor  Soyer,  Monsieur  Blot,  or  the  most  wonder 
ful  chef  de  cuisim  that  ever  raised  a  pot  lid,  would  stand  amazed  to  see 
the  wonderful  heterogeneous  mass  combined  to  make  one  of  their  o/te— 
beasts,  birds,  reptiles,  and  fishes,  berries,  herbs,  and  roots,  thrown 
together  int^  the  pot  o»\i\xi  purus  uatuTaVlbu*^  wcvl  §i^^wed  into  a  disgust- 
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ing  paste.  And  the  amount  of  this  one  of  these  "  sons  of  the  forest" 
will  eat,  will  cause  even  an  anatomist  to  wonder  at  the  distensibility  of 
the  human  stomach. 

Until  18G1  those  about  this  locality — chiefly  Sissetons — lived  entirely 
by  hunting  and  fishing.  About  this  time  some  of  them  were  furnished 
corn  and  potatoes  by  their  agent,  and  they  commenced  to  cultiYate  the 
soil,  but  shortly  afterward,  from  causes  not  relevant  to  mention  here, 
the  Dakota  outbre.ak  occurred.  The  Sisseton  and  Wahpeton  bands 
were  implicated  with  the  others,  and  the  distrust  and  animosities  this 
has  necessarily  engendered  have  much  delayed  their  civilization. 

The  men  are  rather  over  medium  height,  are  well  made,  and  many  of 
them  are  intelligent-lookmg,  some  even  handsome.  The  type  of  their 
heads,  with  their  '*  low  defective  forehead,^'  the  vertical  occiput,  the 
prominent  vertex,  and  great  interparietal  diameter,  hardly  need  men. 
tion,  though  it  is  deserving  of  remark  that  the  ''low  defective  forehead'^ 
is  not  so  characteristic  of  the  crania  of  the  Sisseton  band  as  of  some  of 
the  other  bands  of  the  Dakota  Nation.  Their  shades  of  color  show  con- 
siderable  variation ;  many  of  them  on  the  parts  of  the  body  not  habitu- 
ally exposed  are  not  darker  than  many  brunettes  with  us,  while  others 
in  the  same  band  are  of  a  deep  bronze  or  even  coppery  brown  color. 
As  a  rule  their  hands  and  feet  are  small  and  delicately  formed,  and  as 
a  people  they  are  remarkably  free  from  deformities.  Their  hard  "  strug- 
gle for  existence"  probably  acts  on  the  principle  of  "  natural  selection'' 
to  keep  up  the  best  and  hardiest  of  the  stocky  while  the  weaklings  and 
the  deformed  die  off.  I  have  seen  but  one  deformed  Indian  during  my 
stay  here.  He  was  a  Wahpeton  with  a  simple  case  of  "  hair  lip,''  which 
its  owner  refused  to  allow  me  to  operate  upon.  They  are  enthusiastic 
and  excitable  gamblers,  and  will  stake  their  ponies  and  even  their  wives 
on  a  game  of  ''  moccasin."  The  females  are  short  in  stature  and  broad 
and  more  ungainly  than  the  males;  they  possess  great  strength  and 
great  power  of  physical  endurance,  as  is  commonly  the  case  among 
uncivilized  tribes,  where  the  women  are  the  drudges  and  slaves  of  the 
males.  I  am  inclined  to  the  belief  that  the  females  arrive  at  the  age  of 
puberty  before  the  age  usual  among  civilized  females.  I  have  seen  one 
Sisseton  girl  who  was  the  mother  of  a  healthy  child — which  she  was 
nursing — when  but  thirteen  years  of  age,  and  two  or  three  who  were 
mothers  before  they  had  quite  attained  the  age  of  fourteen ;  though 
this  precocity  may  be  caused  by  the  promiscuous  intercourse  of  the 
sexes  in  their  rude  manner  of  life.  Writers  have  spoken  of  the  dreary 
existence  of  Dakota  women,  and  nothing  that  has  been  said  can  draw 
too  exaggerated  a  picture  of  the  never-ending  drudgery  of  their  lives, 
iincheered  even  by  the  hope  of  happiness  in  the  spirit  land ;  therefore 
suicide  is  very  common  among  them ;  even  for  trivial  causes  a  Dakota 
woman  will  cut  a  thong  of  buffalo  hide  and  hang  herself.  A  case  came 
under  my  observation  a  few  weeks  since,  where  the  wife  of  one  of  the 
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scouts  here  hung  herself  to  the  ridge-pole  of  her  tent  just  because  be! 
husband  told  her  she  should  not  make  a  visit  which  she  wished  to  do. 

Under  the  provisions  of  General  Order  No.  27,  Headquarters  Di»|>art' 
ment  of  Dakota,  St.  Paul,  Minnesota,  dated  May  19,  1867,  friendly 
Indians  have  been  enlisted  as  scouts  and  guides,  since  which  time  filteeu 
of  them  have  been  on  duty  at  this  post  in  that  capacity.    Those  here 
are  all  full-blooded  Indians  of  the  Sisseton  band  of  Dakotas.    They  are 
ambitious  and  zealous  in  the  performance  of  their  duties,  and  take  a 
l)ride  in  keeping  their  clothes,  bedding,  equipments,  arms,  and  horses 
neat  and  in  good  order,  and  I  believe  this  is  the  testimony  which  all 
their  commanders  will  give;  and  it  shows  that  they  can  be  made  valu- 
able auxiliaries  in  prosecuting  warfare  against  Indian  tribes  "avowedly 
and  obstinately  hostile."    Those  on  duty  here  show  no  repugnance  or 
even  disinclination  to  work,  and  the  scouts  have  taken  their  regular 
tour  of  "  police  duty  "  with  the  rest  of  the  enlisted  men,  and  have  shamed 
them  by  their  willingness  to  do  this  duty. 

One  of  the  scouts  here  is  tattooed  with  a  "totem''  of  an  oi>en  right 
hand,  back  to  the  front,  placed  vertically  in  the  center  of  the  forehead 
This  is  the  only  instance  which  has  come  under  my  observation  of  any 
tribal  or  family  mark  or  "totem"  among  them. 

The  Chippewas  occupj^  the  country  east  of  the  Red  River  of  the  North, 
in  Minnesota,  about  the  lakes  forming  the  source  of  the  Mississippi 
River  and  Red  Lake  farther  north.  Though  they  are  occasional  visitors 
to  the  post,  they  are  situated  too  far  away  to  be  described  as  Indians 
about  the  post. 

The  valley  of  the  Red  River  of  the  North  on  both  sides  is  the  peculiar 
habitat  of  half-bloods,  (Bois  Brtd^s,  or  Couriers  des  Bois,)  a  mixture  of 
the  blood  of  the  lawless  white  traders  (who  until  recent  times  were  the 
only  white  people  in  the  country)  and  Indian  women.  These  half-bloods, 
the  result  of  this  mixture,  are  tall,  well  formed  and  hardy,  with  dark 
eyes  and  swarthy  skin,  and  black,  straight  hair,  though  occasionally  one 
is  seen  with  the  hair  curly.  The  general  shape  of  the  head  and  face  is 
much  like  the  Indians.  Their  vernacular  is  a  patois  of  the  French, 
though  they  usually  speak  the  language  of  both  parents.  They  are 
natural-born  hunters  and  trappers,  scouts,  guides,  and  interpreters,  and 
are  a  valuable  link  of  communication  between  the  tax-paying  citizen 
and  the  untamed  red  man.  These  people  have  no  "local  habitation T 
like  their  half-brothers,  the  Indians,  they  live  in  tents  of  tannetl  buffalo 
hide,  which  they  move  wheiiever  and  wherever  inclination  or  the  pursuit 
of  game  may  lead  them*  Thej^  have  the  same  freedom  from  moral  and 
social  restraint  as  the  Indian.  They  eat  anything  and  everything, even 
the  flesh  of  dogs  and  wolves  i)oisoned  with  strichnine,  and  think  a  foetal 
calf  of  cow  or  buftalo  une  bonne  boiuihe;  they  wallow  in  dirt  and  vermin^ 
and  are  remarkably  healthy  and  tenacious  of  life.  Their  severe,  laborions 
lives  probably  prevent  them  from  being  very  prolific,  but  it  also  acts  to 
make  them  healthy  a\iOL\ou\»-\\\^^5u  ^N^\!i^^\\iSN.Sl\ft diseases,  which  (witk 
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the  loose  virtue  of  their  women)  it  would  seem  would  be  particularly 
prevalent,  do  not  appear  to  attack  tbem  at  all.  At  least,  not  oue  of 
these  cases  among  them  has  been  brought  to  my  notice. 


ACCOUXT  OF  ANTIQUITIES  U  THE  STATE  OF  YEBA  CRUZ,  MEXICO. 

By  Hugo  Fixck.  op  Cordova. 

A  few  general  remarks  relative  the  traces  left  by  the  aborigines  of 
this  neighborhood  may  not  be  uninteresting.  As  a  resident  of  twenty- 
eight  years  in  this  part  of  the  country,  (Cordova,  Huatusco,  and  ^lero- 
dor,)  and  during  my  many  botanical  excursions,  I  have  had  good  oppor- 
tunities to  examine  them.  These  traces  are  of  two  kinds — the  first  be- 
longing to  a  semi-barbarous;  the  second  to  a  half-civilized  peoide,  who, 
for  a  long  period  of  years,  must  have  lived  together  as  neighbors,  but 
in  a  state  of  continual  dissensions. 

Like  the  actual  descendants  of  the  Aztecs,  the  semi-barbarous  people 
built  their  houses,  or  rather  huts,  of  light  timber,  covering  the  roof  with 
palm-leaves  or  dried  grass.  Nothing  else  was  required  by  them  in  a 
tropical  climate,  where  the  thermometer  never  descends  below  55^ 
Fahrenheit.  Of  such  constructions  no  trace  whatever  is  left,  and  if  it 
were  not  for  the  innumerable  mounds  of  stone  of  different  dimensions, 
some  united,  others  isolated,  and  which  were  always  annexed  to  their 
dwellings,  we  would  come  to  the  conclusion,  either  that  they  had  no 
dwellings,  or  that  the  country  was  very  thinly  inhabited.  The  very 
contrary  was  the  case.  There  is  hardly  a  foot  of  ground  in  the  whole 
state  of  Vera  Cruz  in  which,  by  excavation,  either  a  broken  obsidian 
knife,  or  a  broken  piece  of  pottery  is  not  found.  The  whole  country  is 
intersected  with  parallel  lines  of  stones,  which  were  intended,  during 
the  heavy  showers  of  the  rainy  season,  to  keep  the  earth  from  washing 
away.  The  number  of  those  lines  of  stones  shows  clearly  that  even  the 
poorest  land,  which  in  our  days  nobody  would  cultivate,  was  put  under 
requisition  by  them ;  furthermore,  when  we  consider  that  their  imple- 
ments of  agriculture  were  very  primitive  or  almost  null,  requiring  a  so 
much  larger  space  of  ground  for  their  sustenance,  we  must  come  to  the 
conclusion  that  the  population  must  have  been  immense,  or  at  least  as 
large  as  the  most  populated  districts  of  Europe.  In  this  part  of  the 
country  no  trace  of  iron  or  copper  tools  has  ever  come  under  my  notice. 
Their  implements  of  husbandry  and  war  were  of  hard  stone,  but  gen- 
erally of  obsidian  and  of  wood. 

The  small  mounds  of  stones  near  their  habitations  have  the  form  of  a 
parallelogram,  and  are  not  over  twenty-seven  inches  high.  Their  length 
is  from  five  to  twelve  yards,  their  width  from  two  to  four.  On  search- 
ing into  them  nothing  is  found.  A  second  class  of  mounds  is  round,  in 
the  form  of  a  cone,  always  standing  singly.    They  are  built  of  loose 
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Stones  and  earth,  and  of  various  sizes ;  some  as  bigh  as  five  yards,  with 
a  diameter  of  from  five  to  twenty  yards.    Excavation  made  in  them 
brought  to  bgbt  a  large  pot  of  burned  clay  fillexl  with  ashes,  but 
in  general  nothing  is  fdund.    The  third  class  of  mounds,  also  built  of 
loose  stones  and  earth,  have  the  form  of  a  parallelogram,  whose  smaller 
sides  look  east  and  west,  and  are  from  five  to  six  yards  bigh,  termiuating 
at  the  top  in  a  level  space  of  from  three  to  five  yards  in  width,  the  base 
being  from  eight  to  twelve  yards.    They  are  found  from  fifteen  to  two 
hundred  yards  long.     Sometimes  several  are  united,  forming  a  hollow 
square,  which  must  have  been  used  as  a  fortress.     Others  again  have 
their  outer  surface  made  of  masonry,  but  still  the  inside  is  filled  up  witli 
loose  stones  and  earth.    Near  river-beds,  where  stones  are  very  abund- 
ant, these  tumuli  are  largest.    Principally  in  this  latter  class,  idols,  im- 
plements of  husbandry  and  war  are  discovered,  sometimes  lying  quite 
loose,  and  at  others  imbedded  in  hollow  square  boxes  made  of  masonn . 
The  last-described  mounds  form  the  transition  to  those  constnictionts 
which  are  altogether  built  of  solid  masonry.     I  speak  only  of  such  as 
are  found  near  Cordova,  Huatusco,  Cotastla,  &c.,  in  the  state  of  Vera 
Cruz.    One  peculiarity  of  the  last-men- 
tioned ruins  is,  that  they  are  all  con- 
structed at  the  junction  of  two  ravines, 
(barrancas,  canons,)  Fig.  1,  and  used  as 
fortresses,  on  account  of  their  impreg- 
nability.   Most  of  the  larger  barrancas 
have  precipitous  sides  from  three  hun- 
dred to  one  thuosand  feet  deep,  which 
guarded  the  inhabitants  on  their  flank, 
so  that  nothing  more  was  required  than 
to  build  a  wall  from  A  to  B,  leaving  a 
small  entrance  in  the  middle,  C,  as  a 
passage,  which  could  be  barricaded  in 
time  of  war.    Between  Zacuapan  and 
Tlacotepec,  at  the  Rancho  del  Castille, 
at  Matlaluca,  at  Cotastla  and  Consoqui- 
tla,  such  constructions  can  be  seen  to  this 
day  in  tolerable  good  condition.    The  in- 
terior of  these  fortified  inclosures  is  in  general  large,  sometimes  holdiujj 
from  four  to  five  square  miles,  and  could  be  put  under  cultivation  ia 
case  of  a  siege. 

The  wall  A  B  is  in  general  from  four  to  five  yards  high,  and  has  on 
the  inside  terraces  with  steps  to  lead  to  the  top.  At  other  places  there 
is  a  series  of  semicircular  walls,  the  front  one  lower  than  the  following:, 
and  a  passage  between  ea<5h  to  permit  one  person  at  a  time  to  pass  from 
one  to  the  other.  The  innermost  wall  is  sometimes  perforated  with  loop- 
holes through  which  arrows  could  be  thrown. 

Quite  a  nmuber  ol  xixVix^  2Lt^io\ms\.\\\^\s\fel\i<^^Q^Uaciation^as  mounds, 
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altars,  good  level  roads  with  a.  foundation  of  mortar.  Most  of  these 
monuments  have  good  preserved  steps  leading  to  the  top.  In  some 
very  small  pots  of  burned  clay  are  found  filled  with  ashes. 

Between  the  simple  mounds  of  loose  stone  and  earth  and  the  last- 
mentioned  monuments  we  may  easily  discern  two  classes  ot  people — one 
semi-barbarous  and  the  other  tolerably  advanced  in  ci\ilization — living 
continually  at  war  with  each  other,  impeding  on  that  account  a  higher 
grade  of  civilization  than  that  found  at  the  arrival  of  Cortez  with  his 
Spaniards. 

Civilization  in  all  countries  has  been  very  gradual  and  must  always 
have  commenced  in  warm  climates.  It  was  iM  Asia,  in  Africa,  in  the 
tropical  parts  of  China,  Syria,  Egypt,  &c.,  where  we  find  the  oldest 
monuments,  where  the  people  as  far  as  3,000  years  back  had  made  some 
progress.  The  inhabitants  of  colder  countries  were,  up  to  that  time,  in 
a  barbarous  state,  and  only  received  civilization  by  contact  with  the 
others  or  by  conquest.  This  may  be  accounted  for  in  the  following  man- 
ner: The  first  knowledge  we  have  of  man  is  in  a  tropical  climate.  It  is 
there  where  vegetation  the  whole  year  round  is  luxuriant ;  where  fruits 
of  all  kinds  are  abundant,  furnishing  him  with  food  without  exertion  ; 
where  a  hot  climate  dispenses  with  all  covering  against  cold ;  where  the 
first  necessities  once  satisfied  he  had  leisure,  if  endowed  with  a  lively 
imagination,  which  is  natural  to  people  of  hot  coiHitries,  to  pet  his  wits 
to  work  in  order  to  better  his  condition.  One  step  followed  another, 
creating  daily  new  necessities.  Those  of  a  strong  arm  imposed  on  the 
weaker,  and  obliged  them  to  work  for  them  or  for  the  community.  In 
this  way  civilization  gradually  advanced. 

!N^ow  let  us  transfer  ourselves  to  a  cold  country.  Its  primitive  inhab- 
itants had  to  guard  against  the  weather  in  winter,  which  obliged  them 
to  become  hunters  in  order  to  slay  the  wild  beasts  which  were  to 
serve  them  as  clothing  as  also  to  allay  the  cravings  of  hunger.  Wild 
fruits  could  only  be  gathered  in  summer  and  autumn,  and  were  much 
less  abundant  than  in  the  tropics,  so  that  their  whole  time  was  occupied 
in  attending  to  the  necessities  of  their  existence,  or  in  guarding  against 
the  cold  of  winter,  being  continually  slaves  to  their  wants,  leaving  them 
no  leisure  to  better  their  condition.  History  has  shown  that  such  has 
been  the  case  throughout  all  cold  countries,  and  that  civilization  made 
very  little  progress  there  until  the  inhabitants  came  in  contact  with 
more  southern  nations.  The  same  has  happened  in  America.  Where 
do  we  find  the  traces  of  higher  civilization  on  this  continent?  Is  it  in 
British  America,  in  New  England,  in  Oregon,  or  in  Patagonia  !  No  I 
lu  tropical  America.  The  sam6  causes  have  created  the  same  effect. 
Pern,  Ecuador,  Yucatan,  and  Mexico,  all  countries  between  the  troi)ics, 
have  taken  the  first  steps  toward  advancement.  The  yet  existing  monu- 
ments speak  for  themselves. 

From  Palenque,  in  Yucatan,  and  Quito,  in  Ecuador,  as  centers,  civil- 
ization spread  north  and  south,  but  found  much  greatei^  resistance  b^ 
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the  neighboring  savage  tribes  than  in  the  old  coiitineuts.    In  some  \m 
countries,  as  Guiana,  Brazil,  topical  reasons   have  retarded  this;  as 
yearly  inundations;  excessive  number  of  insects,  i>articularly  mosqui-  • 
toes;  wild  beasts,  &c. 

After  the  first  progress  of  civilization  the  neighboring  savage  tribes, 
among  which  we  may  count  the  Aztecs,  who  appear  to  have  beeu  in 
nothing  different  from  our  contemporary  Comanches,  Arapahtws,  Sioiix, 
&c.,  made,like  of  old  the  Scandinavians,  irruptionson  their  more  southern 
neighbors,  destroying  again  partially  what  had  been  gained,  but  :iece|K- 
Ing  part  of  the  advantages  of  their  conquered  people.  The  inliabiuiats 
of  Central  America  were  much  farther  advanced  before  the  dissemination 
of  those  barbarous  tribes  than  at  the  arrival  of  Cortez.  This  is  shown 
by  the  ruins  still  in  existence.  It  was  a  great  misfortune.  Those  siivapes, 
less  docile  than  the  Goths,  were  slow  in  receiving  the  advantages  of  their 
conquest.  Accustomed  to  a  roaming  life,  expert  in  w^ar,  they  destroyetl 
in  a  few  years  what  had  cost  thousands  to  build.  Then  commenctHl  a 
reign  of  terror.  The  vanquished  were  obliged  to  work  for  tlieir  con- 
querors, creating  those  rude  monuments,  as  the  stone-mounds,  the 
pyramid  of  Cholulu,  and  other  similar  works,  which  could  only  have 
emanated  from  the  brains  of  half-savages,  and  been  executetl  by  a  peo- 
ple completely  enslaved.  But  this  had  its  limit.  The  conciuerors 
gradually  accepted  such  benefits  from  their  vassals  a.s  suitcil  them,  so 
that  if  the  Spaniards  had  not  arrived,  civilization  would  have  taken  a 
new  start,  as  at  this  time  the  Aztecs  were  strong  enough  to  keep  at  bay 
all  new  irruptions  from  the  north. 

Aztec  hieroglyphics  are  too  obscure  to  give  us  a  longer  insight  into 
their  history  than  for  a  century  or  two  at  most.  Spanish  historians  have 
given  free  scope  to  their  lively  imagination,  exaggerating  and  distort- 
ing whatever  came  under  their  hands.  The  Spanish  clergy  seizeil  and 
burned  what  could  throw  any  light  on  history,  and  wrote  about  what 
best  suited  them.  The  real  and  onlv  true  documents  we  can  with  safetv 
count  upon  are  the  monuments,  ruins,  implements  of  industry  and  war, 
which  are  yet  in  existence;  anything  else  will  only  lead  us  astrav. 


ACCOUNT  OF  ANTIQUITIES  IN  TENNESSEE. 

By  E.  O.  Dunxln'o. 

CniLnowEE,  Tennessee,  June  10,  1870. 
The  territory  recently  explored  by  myself  lies  along  Little  Tennessee 
Eiver,  in  Blount  County,  Tennessee,  and  extends  about  twenty-five  un'leji 
into  North  Carolina,  a  country  once  inhabited  by  the  Cheft)kees.  One 
of  their  principal  routes  from  the  south  to  tiie  "Over-hill  Towns''  passed 
through  it.  For  nules  the  old  trail  may  be  seen  crossing  Chilhowce 
Mountain  in  ^  straigVit  Vme,  we^o\\5iw^  \.<^  IVv^  IvLdian  course,  between 
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two  poiut8,  which  was  always  direct,  without  regard  to  obstacles. 
Lately  I  had  an  opportunity  of  observing  thispeculiarit3%  While  wind- 
ing niy  way  around  the  base  of  a  mountain  in  North  Carolina,  I  saw 
some  Cherokees  going  to  the  same  point  as  myself,  right  over  the  crest 
of  the  mountain,  by  a  more  direct  but  more  difficult  route. 

Chilhowee  derives  its  name  from  two  words,  which  mean  fire  and  deer. 
The  Indians  were  accustomed  to  hunt  by  fire.  At  night  they  carried 
before  them  torches — blazing  pine-knots — in  the  face  of  their  game, 
which,  becoming  frightened  by  the  glare,  were  easily  brought  to  a  stand 
and  killed  by  the  hunter,  who,  resting  his  gun  across  the  left  arm,  held 
the  torch  in  his  right  hand  until  the  doer  was  enough  terrified  to  be 
shot  down.  The  old  trail  over  Chilhowee  is  used  now  by  the  '^  mail-boy'^ 
once  a  week,  and  by  foot-travelers  like  myself,  who  are  warned  not  to 
take  horses  beyond  the  mountain  for  fear  of  their  being  stolen. 

In  Chilhowee  Valley,  after  crossing  its  northern  boundary  by  the  pass, 
I  examined  two  mounds  on  the  left  bank  of  Little  Tennessee  and  sev^- 
eral  rock  graves,  or  tombs,  near  them.  These  tombs  are  unlike  any 
depositories  of  the  ancient  dead  that  I  have  observed.  They  were,  un- 
doubtedly, constructed  by  the  "mound-builders,''  as  similar  ones  were 
discovered  in  the  mounds  containing  similar  relics.  The  gi^eat  freshet 
of  18G7  uncovered  a  large  number  of  these  graves  on  the  "river-bot- 
tom'' or  alluvial  terrace,  which  had  been  plowed  over  for  seventy  years. 
They  are  built  of  slabs  of  slate,  nicely  fitted  together,  about  three  inches 
thick,  four  feet  long,  and  two  feet  broad,  inclosing  receptacles,  not  of 
uniform  space — generally  five  feet  long,  four  feet  high,  and  two  feet 
broad — covered  with  flat  pieces  resting  upon  the  upright  slabs,  and  con- 
forming to  the  rounded  corners  of  the  tomb.  The  material  had  been 
brought  from  the  other  side  of  the  river,  as  no  slate  was  found  in  the 
vicinity  of  the  constructions.  They  were  found  to  contain,  for  the  most 
part,  fragments  of  human  bones,  too  much  decomposed  to  be  removed 
in  considerable  portions,  implements  of  stone,  and  broken  vessels  of 
clay.  From  the  head  of  one  I  extracted  a  vase  of  black  pottery,  nearly 
whole,  shaped  like  a  gourd ;  it  had  been  filled  with  vegetable  matter, 
which,  perhaps,  was  intended  to  sustain  the  spirit  on  its  journey 
to  the  other  world,  some  flint  arrow-heads,  and  a  stone  pipe.  Charcoal, 
ashes  and  burned  clay  indicated  that  fire  had  been  used  in  the  burial, 
by  which  bones  and  many  other  relics  were  consumed. 

Judging  from  the  form  and  size  of  these  graves,  the  dead  must  have 
been  inclosed  in  a  sitting  or  crouched  position,  often  bent  nearly  double. 
The  bones  were  those  of  adults,  and  their  juxtaposition,  in  some  in- 
stances, showed  that  they  could  not  have  been  deposited  indiscrimi- 
nately, after  the  decomposition  or  removal  of  the  flesh,  according  to  the 
custom  of  some  modern  Indians.  Fragments  of  the  skull-bone,  with 
teeth  and  jaws,  were  found  at  the  head  of  a  grave  which  pointed  toward 
the  west,  and  the  bones  of  the  foot  at  the  other  end.  In  connection 
with  the  first  were  vertebra  and  other  portions  of  the  trunk  and  cor- 
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responding  members  of  the  skeleton,  which  had  crumbled  and  fallen 
down  tos:ether,  and  which  would  naturally  occur  if  the  body  bad  been 
set  upright  or  slightly  bent  over. 

I  did  not  expect  to  find  rock  graves  in  a  mound  of  earth,  but  after 
clearing  away  rubbish  and  penetrating  six  feet  below  the  top,  near  the 
center,  the  workmen  struck  a  slab  of  slate,  which  proved  to  be  part  of 
the  covering  of  a  stone  tomb.    It  was  much  like  those  scattered  over 
the  "river- bottom" — more  nicely  constructed,  however,  and  fitted  with 
more  care — being  arched  over  the  top,  at  an  acute  angle,  with  pieces  of 
slate  three  inches  thick.    Owing  to  its  situation,  raised  above  the  level 
of  the  river  and  covered  with  sand  to  the  depth  of  six  feet,  its  contents 
were  better  preserved  than  those  of  the  graves  just  mentioned.    At  the 
head  of  it  I  took  out  a  vessel  composed  of  fine  red  clay  and  pulverized 
muscle-shells,  a  foot  in  diameter,  gourd-shaped,  having  a  handle  and  spoat 
six  inches  long,  and  holding  about  a  quart.     It  was  preserved  nearly 
whole.    Artificial  fire  had  been  kindled  in  the  tomb,  but  it  had  been 
smothered  by  the  throwing  in  of  sand  before  all  the  contents  were  con- 
sumed.   Besides  some  entire  bones  of  the  human  skeleton,  flint  arrow- 
heads and  a  large  number  of  shell  and  stone  beads  were  removed.    Tlie 
beads  could  be  traced  along  the  lines  of  the  legs  and  arms,  as  if  they 
had  been  attached  to  the  garment  in  which  the  dead  was  buried.    Fur 
ther  excavations  disclosed  two  more  of  these  stone  sepulchers,  the  fin^t 
three  feet  below  the  one  described,  the  other  two  feet  from  it,  in  thesjime 
plain.    They  contained  only  fragments  of  bones,  charcoal,  and  ashes. 

The  mound,  which  was  conical  in  shape,  must  have  been  fift«im  feet 
high  and  fifty  feet  in  diameter.  Successive  floods  had  impaired  its  ori;:- 
inal  dimensions.  The  last  carried  away  a  section  on  the  west  side,  ex- 
l)08ing  a  tomb  and  some  v.aluable  relics,  which  have  not  been  preserved 
Among  them  were  large  shells — pyrulas,  probably,  judging  from  the  de- 
scription, from  the  Gulf  of  Mexico — such  as  1  hav^e  discovered  in  two 
other  mounds  on  the  banks  of  the  Tennessee,  and  which  are  deposite<l 
in  the  Peabody  Museum  of  Harvard  College.  In  connection  with  ma- 
rine shells,  images  in  stone  were  found  in  this  tomb.  The  mound  wa^ 
composed  of  sand-loam  taken  from  the  bank  of  the  river  and  raise<l 
upon  a  foundation  of  water- washed  rocks,  four  feet  high  from  the  bed 
of  the  stream  hard  by.  There  had  been  extensive  burnings  throughont 
this  mound,  at  various  depths,  indicated  by  layers  of  charcoal,  ashes, 
and  burned  clay,  simply  in  honor  of  the  dead  or  to  consume  their  effects 
jind  mortal  parts,  or  for  human  sacrifices  to  their  manes. 

As  no  relics,  except  fragments  of  charred  bones,  not  even  stone  imple- 
ments, that  would  escape  destruction  by  fire  were  found,  after  careful 
searching  among  extensive  layers,  I  am  inclined  to  the  opinion  that  cap- 
tives in  war  were  freely  slain  and  burned,  for  a  sacrificial  offerinir  to  the 
dead  in  the  tombs.  It  is  not  probable  that  a  people  so  partu»ular  alxmt 
their  burial-rites,  as  shown  not  only  in  the  mound-sepulchors,  but  in 
those  scattered  over  lAie  \>Va\w,  \?\\\v!\i  ^^^  \s\^>S  ^w\^\\vi^vi.  <iQutaiued  their 
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common  dead,  would  have  assigned  a  large  number  of  their  tribe,  after 
death,  to  a  promiscuous  or  general  contiagration.  Fire,  as  is  well 
known,  bore  an  important  part  in  tlie  obsequies  of  the  "mound  builders," 
but  so  as  to  show  neither  in  the  extent  and  composition  of  the  charred 
layers,  nor  in  the  kind  of  relics  preserved,  the  design  of  the  burnings.  Two 
other  mounds  were  found  in  Ohilhowee  Vjilley,  which  will  be  described 
at  some  future  time.  The  tradition,  as  derived  from  a  lady  over  eighty 
years  of  age,  who  lived  in  her  youth  among  the  Oherokees,  is,  that  these 
mounds  were  made  by  a  people  inhabiting  the  country  long  before  the 
recent  Indian  race;  that  their  fathers  found  them  there  and  did  not  dis- 
turb them,  a  statement  which  confirms  all  oral  testimony  respecting 
those  monuments. 

Leaving  Chilhowee  Valley  and  crossing  the  Alleghany  range  toward 
North  Carolina,  in  a  southeast  course,  having  Little  Tennessee  lliver  oh 
my  right  and  occasionally  in  sight  from  the  cliff's,  my  attention  was 
called,  along  the  road,  to  "  stone  heaps,"  a  class  of  antiquities  not  often 
mentioned  and  seldom  distinguished  in  books.  After  an  examination 
of  the  objects  and  a  talk  with  Indians  and  the  oldest  inhabitants,  I  came 
to  the  conclusion  that  there  were  two  kinds  of  these  remains  in  this  part 
of  Tennessee,  which  are  sometimes  confounded,  viz,  landmarks,  or  stone- 
piles,  thrown  together  by  the  Indians  at  certain  points  in  their  journeys, 
and  those  which  marked  a  place  of  burial.  At  a  pass  called  "  Indian 
Grave  Gap,"  I  noticed  the  pile  which  has  given  its  name  to  the  mountain- 
gorge.  The  monument  is  composed  simply  of  round  stones  raised  three 
feet  above  the  soil,  and  is  six  feet  long  and  three  feet  wide.  As  the  grave 
had  been  disturbed  I  could  make  no  satisfactory  examination  of  its  con- 
tents. On  the  opposite  side  of  "The  Gap,"  a  stone  heap  of  another 
descri])tion  was  observed,  which  had  been  thrown  together  in  accord- 
ance with  Cherokee  superstition,  that  assigned  some  good  fortune  to  the 
accumulation  of  those  piles.  The^^  had  the  custom,  in  their  journeys  and 
war-like  expeditious,  at  certain  known  points,  before  marked  out,  of 
casting  down  a  stone  and  upon  their  return  another.  In  this  way,  in 
time,  a  landmark  became  a  conspicuous  object.  It  may  be  distinguished 
from  grave-stone  heaps,  which  were  composed  of  large  round  stones  of 
uniform  size;  the  other  of  small  stones,  of  no  particular  shape,  such  as 
could  be  easily  taken  up  and  hastily  thrown  down.  Four  miles  from 
*^  Indian  Grave  Gap,"  on  the  west  side  of  my  path,  on  a  ridge  destitute 
of  vegetation,  I  observed  twenty-five  of  these  stone  heaps  which  covered 
human  remains.  I  examined  a  number  of  them,  which  were  four  or  five 
feet  high  and  eight  in  diameter,  and  shaped  like  a  hay  cock.  Trees 
three  and  four  feet  thick  had  grown  and  decayed  on  some  of  them.  In 
one  I  found  pieces  of  rotten  wood  that  had  been  deposited  there,  frag- 
ments of  bones,  and  animal  mold.  The  deposit  had  been  made  on  the 
surface  of  the  earth,  covered  with  wood  and  bark,  and  crowned  with  a 
cone  of  round  stones.  From  the  center  of  one  heap  three  small  bells 
were  extracted,  having  the  letters  J  K  engraved  on  them.    They  mvicilL 
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resemble  sleigh-bella  of  the  Northern  States,  and  mast  have  beeu  obtained 
from  Europeans  having  intercourse  with  the  Indians.  The  bells  were 
used  as  "  tinkling  ornaments''  by  Cherokee  women  in  their  dances,  and 
were  attached  to  bear-skin  belts  that  were  bound  about  their  limbs. 

The  great  number  of  rattle-snakes  that  I  encountered  on  the  ridge  pre- 
vented a  thorough  examination  of  the  place  in  the  heat  of  summer,  an 
employment  that  may  be  resumed  at  a  future  time. 

The  stone  heaps  were  put  up,  undoubtedly,  by  the  Cherokees  of  a  re- 
cent period.  My  researches  did  not  throw  much  light  upon  their  antiquity, 
but  they  were  found  to  differ  essentially,  in  structure  and  contents,  from 
the  rock  tombs  of  the  ''mound-builders,"  already  described,  and  they 
must  have  had  a  later  origin. 

The  Cherokee  custom  of  burying  the  dead  under  heaps  of  stone,  it  is 
well  known,  was  practiced  as  late  as  1730.  After  free  intercourse  with 
the  whites  their  custom  of  inhumation  prevailed  with  the  natives.  Con- 
sidering the  dilapidation,  the  condition  of  the  animal  remains,  and  the 
decay  of  vegetation  that  indicated  the  former  growth  of  trees  of  more 
than  a  century,  I  regarded  those  piles  that  came  under  my  observa- 
tion as  being  two  or  three  hundred  years  old.  The  bells,  silver  orna- 
ments, and  coin  discovered  in  them  belong,  of  course,  to  the  age  of  metaU 
in  this  country,  which  may  have  begun  on  the  banks  of  the  Little  Tennes- 
see more  than  three  hundred  years  ago.  In  1G90  trading-stations  were 
established  there  by  northern  adventurers. 


ACCOUXT  OF  ANCIENT  MOUNDS  IN  GEORGIA. 

By  M.  F.  Stephenson,  Gainesville,  Georgia. 

The  most  extensive  and  perfect  tumuli  exist  in  Bartow  County,  on  the 
Etowah  River,  near  Cartersville,  consisting  of  ten  mounds,  situated  in 
the  bend  of  the  river,  and  protected  from  attack  on  the  land  side  by  a 
moat,  which  is  from  twenty  to  thirty  feet  deep  and  was  doubtless  oiice 
filled  with  water.  The  central  mound  is  square,  and  measures  one  hnu- 
dred  and  fifty  feet  on  the  top,*  with  raised  platform  on  the  e^ist  side 
twenty  feet  high  and  forty  wide,  evidently'  where  sacrifices  were  offered, 
as  an  idol  of  sandstone  was  plowed  up  on  it,  with  excavated  disks  or 
mortars  six  inches  in  diameter  and  of  translucent  quartz  of  elegant  work- 
manship, the  stone  axe,  a  small  native  copper  vessel,  the  perforated  shell 
(which  is  found  in  all  the  mounds,)  the  mica  mirror,  and  the  only  gold 
beads  ever  found,  native  gold  being  found  in  the  neighborhood.  This 
mound  is  eighty-eight  feet  high,  and  a  few  rods  from  it  is  a  circular  one, 
sixty  feet  high,  which  twenty  years  ago  had  a  parapet  on  top  five  feet 
in  height.  The  remainder  are  small  and  only  about  twenty  feet  hijrh. 
Two  points  in  the  ditch  are  excavated  an  acre  square  as  deep  as  the 


*  It  is  not  exactly  a  qiiaclrauglo,  but  the  north  side  is  150  fe«t;  the  eastern,  160  feet; 
floutlica-stern,  100  feet*,  aowlVi,  W  t^^il*,  ;3Avdl\i^  ^ftsteni  side,  100  feet. 
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moat,  to  procure  earth  to  raise  tbe  mounds.  Tlie  vallej^  and  country 
for  thirty  miles  westward  and  northward  is  very  fertile,  and  exhibits 
evidences  everywhere  of  having  been  densely  peopled  by  the  mound- 
builders. 

At  the  falls  of  Little  River,  near  the  Alabama  line,  on  the  crest  of  the 
fall,  are  three  chambers  hewed  out  of  the  solid  sandstone;  and  at  Na- 
coochee  the  crest  of  a  conical  hill  was  cut  off  at  about  fifty  feet,  so  as  to 
embrace  an  ^cre  and  a  half,  which  on  two  sides  is  quite  precipitous,  and 
on  the  others  has  a  ditch  and  wall,  which  was  formerly  six  feet  high, 
inclosing  about  twenty  acres.  This  was  doubtless  used  by  De  Soto  in 
the  battle  he  had  with  the  Cherokees  in  1540,  which  is  proved  by  the 
relics  which  have  been  found. 

At  Macon  are  stupendous  remains,  as  also  in  Campbell  County,  on 
the  Chattahoochee.  The  Yond  Mountain,  four  thousand  feet  high,  of 
solid  granite,  is  a  cone,  crested  with  trees,  but  periiendicular  on  all  sides 
except  one  space,  which  was  walled  with  stone;  so  was  the  Stone  Moun- 
tain, which  is,  without  exaggeration,  two  thousand  three  hundred  and 
sixty  feet  high,  a  cone,  and  accessible  on  one  side  only;  this  was  walled 
with  stone.  All  defensible  mountains  in  this  country  were  fortified. 
Neither  the  Cherokees,  Creeks,  nor  Seminoles  had  any  tradition  of  this 
extinct  race,  which  is  proved  to  have  been  a  powerful  and  despotic  na- 
tion from  the  extent  of  their  territory  and  the  stupendous  character  of 
their  fortifications  and  cemeteries. 


EXPLORATIONS  IX  TENNESSEE. 

Bv  E.  A.  Davton. 

Knoxville,  Tennessee,  April  9, 1808. 

I  left  this  place  on  Saturday  last,  and  reaehed  the  house  of  Wm. 
Staples,  in  Roane  County,  on  the  evening  of  the  same  day.  I  went  via 
Cross's  Ford  of  the  Clinch  River ;  thence  via  Robertsville.  The  distance 
is  about  twenty  eight  to  thirty  miles.  Staples's  farm  is  on  tlie  west  side 
of  Poplar  Creek  and  on  the  line  of  Anderson  County.  On  Monday  I 
made  an  examination  of  the  salt  well  or  lick,  and  the  Indian  remains 
spoken  of  in  the  newspaper  article  I  sent  you.  They  arc  located  a  mile 
south  of  west  of  Staples's  house,  one-fourth  of  a  mile  from  Poplar 
Creek,  and  on  a  small  branch,  in  which  the  water  was  about  three  inches 
deep  and  four  feet  wide ;  it  flows  between  hills,  and  a  well  is  at  the 
base  of  one  of  the  hills  which  is  about  one  hundred  or  one  hundred  and 
twenty-five  feet  high.  The  rock  is  a  clay  shale.  The  well  is  about  five 
to  five  and  a  half  feet  in  diameter,  and  is  full  of  water  to  the  top,  which 
is  about  on  the  same  level  as  the  water  in  the  branch.  There  was  little 
or  no  water  flowing  from  it.  It  was  possibly  a  little  brackish  or  sulphur- 
ish,  but  very  little  of  either.    The  well  did  not  appear  to  be  stoned  np^  but 
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to  have  been  dug  through  the  loose  shale  rock.    I  ran  a  pole  down  into  tlie 
water  and  mud  from  twelve  to  fifteen  feet,  and  it  did  not  then  touch 
hard  bottom.    A  quantity  of  logs  and  sticks  had  lately  been  taken  from 
the  well ;  they  were  much  decayed.    On  the  opposite  side  of  the  branch, 
and  a  little  down  it,  say  about  sixty  to  seventy-five  feet  from  the  well, 
were  Indian  remains.     They  covered  a  space  of  about  thirty  by  fifty 
feet,  and  about  three  to  four  feet  above  the  water  in  the  brancli.    Tlie 
soil  is  a  vegetable  mold  from  six  to  eighteen  inches  deep,  through  which 
are  found  fragments  of  earthen-ware,  ashes,  and  burned  stones.    I  dug  a 
trench,  twenty  feet  long  and  as  deep  as  any  remains  were  to  be  fcund, 
along  the  center  from  one  side  of  this  place.    The  bottom  of  the  branch 
is  the  shale  in  place,  and  there  is  no  deep  soil,  that  about  the  well  being 
about  a  foot  deep,  made  up  of  loose  stone.    This  place  was  pointed  out 
to  me  by  Mr.  Staples  as  being  the  one  spoken  of  in  the  paper,  and 
where  he  had  found  fragments  of  earthen  kettles  of  a  diameter,  as  indi- 
cated by  their  curvature,  of  over  three  feet.    Half  a  mile  east  of  the 
dwelling  of  Mr.  Staples,  on  a  low  ridge,  and  about  the  same  distance 
west  of  Poplar  Creek,  are  three  mounds.    They  are  on  nearly  a  straight 
line  north  and  south,  and  one  hundred  and  fifty  feet  apart.    The  south  one 
is  fifty  feet  in  diameter  and  six  and  a  half  feet  high,  round  and  oval  on 
top.    They  have  all  been  plowed  over  for  several  years ;  very  small  frag- 
ments of  bones  are  found  about  them  now,  and  I  was  told  that  human 
remains  were  plowed  up  on  all  of  them.     1  dug  a  trench  across  the  center 
of  the  south  one,  nine  feet  long,  seven  and  a  half  deep,  and  two  wide;  I 
went  below  the  streak  of  black  soil  the  mound  was  built  on.    The  earth 
of  the  mounds  is  of  the  same  color  as  that  in  the  fields  on  all  sides, 
only  it  was  streaked  a  little  with  darker  colored  earth.    The  middle  one 
of  the  mounds  was  only  about  four  feet  high ;  I  did  not  dig  into  it. 
The  north  one  was  about  sixty  feet  long  from  the  southeast  to  the 
northwest,  of  an  oval  shape,  and  about  forty  feet  wide.    I  dug  down 
into  this  one  about  three  and  a  half  feet,  and  found  nothing.    In  the 
fields  I  found  a  quantity  of  arrow-heads,  but  not  a  particle  of  pottery. 
A  third  of  a  mile  to  the  southea^st,  on  lower  ground,  is  another  mound 
a  little  larger  than  the  first  one  described.    I  did  not  dig  into  it. 

I  left  Mr.  Staples  on  Tuesday  morning,  and  traveled  via  the  old  salt- 
works, three  miles  up  the  creek  from  his  house.  Salt  was  made  here 
years  ago,  before  the  completion  of  the  railroads ;  and  Staples  made  some 
there  during  the  war,  using  the  coal  obtained  from  the  hills  only  one- 
half  to  three-fourths  of  a  mile  from  the  well ;  but  as  the  brine  is  weak  it 
does  not  pay  now  to  work  the  well.  1  reached  the  house  of  Alfred 
Cross,  on  the  west  side  of  Clincli  River,  and  five  miles  down  it  from 
Clinton,  about  noon.  I  had  heard  of  the  finding  of  many  Indian  relics 
on  the  opposite  side  of  the  river,  on  the  lands  of  George  and  John  John- 
son,  they  having  beey  washed  out  of  the  soil  on  the  river-bottom  by 
the  fiood  of  last  year.  1  crossed  the  river  and  went  to  the  house  of  C.  U. 
JJobins.    A  negro  mvm  m  \i\^  euM^lo^  bad  found  and  gave  me  the  shal- 
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low  round  dish  I  send  you,  and  the  soapstone  pipe.     The  piece  was 
broken  out  of  the  side  after  it  was  found.    Of  Eobins's  people  I  also  got 
the  jar,  and  the  smaller  jug,  or  whatever  it  may  be  called.    I  then  went 
to  the  Johnson's;  they  had  had  two  larger  vessels  than  these,  but  let 
the  children  use  them  for  playthings,  and  they  broke  them  up.    Jerry 
then  showed  me  to  the  place  on  the  river  where  these  things  had  been 
found ;  the  water  is  now  twenty- five  to  thirty  feet  below  the  level  of  the 
bottom,  and  it  was  covered,  judging  by  the  marks,  along  the  higher 
land,  six  to  twelve  feet  deep.     Along  this  bottom,  for  one-half  to  three- 
fourths  of  a  mile,  and  for  one  hundred  to  three  hundred  feet  from  the 
bank,  every  yard  of  the  soil  has  fragments  of  pottery,  burned  sand- 
stones, and  shells,  and  fluit  fragments,  but  I  did  not  find  a  single  arrow- 
head here.    At  the  lower  end  of  this  bottom  the  water  washed  out  the  soil 
three  to  five  feet  deep  in  spots,  covering  from  one-half  to  one  acre.  In  these 
pits  were  found  these  vessels.  I  could  see  along  the  banks  of  these  pits  that 
the  remains  reached  to  a  depth  of  only  twelve  to  sixteen  inches.    The 
soil  did  not  appear  to  have  been  washed  off  only  where  these  pits  were 
excavated ;  nor^«a8  there  any  appearance  of  mounds,  and  I  was  told 
that  there  never  had  been  any  on  this  bottom.    Last  year  the  field  was  in 
com;  this  year,  wheat.    Many  of  the  specimens  of  earthen-ware  appear 
freshly  broken,  as  if  done  in  plowing.    I  saw  many  ver^^  small   frag- 
ments of  bone,  and  I  believe  that  there  is  now  a  large  quantity  of  these 
earthen  vessels  buried  in  the  ground,  for  these  I  have,  must  have  been 
buried,  and  for  a  purpose.    The  owners  would  certainly  have  thrown 
away  only  the  broken  ones.    I  had  no  time  to  dig,  and  only  stopped  my 
surface  search  at  dark.    Wednesday  I  traveled  up  the  west  bank  of  the 
river  to  Alfred  Taylor's.    Here  the  water  had  washed  the  soil  off  of 
some  three  to  five  acres,  and  there  were  great  quantities  of  burned 
sandstones,  fragments  of  flint,  &c.    Very  few  fragments  of  earthen- 
ware were  to  be  seen  here.    Here  Mr.  Taylor  said  that  the  flood  of  18G2, 
which  was  much  greater  than  that  of  18G7,  washed  out  many  articles, 
bones,  &c. ;  one,  a  stone  jar,  some  person  carried  away,  as  well  as  many 
other  things ;  but  I  could  not  hear  of  any  of  them  being  in  the  neigh- 
borhood at  the  present  tim^.    You  will  see  by  the  large  fragments  of 
soapstone  that  they  likely  made  vessels  of  that  article.    I  hear  of  other 
places,  one  Watson's  Island,  where  there  were  many  articles  washed  out 
by  the  flood,  and  there  are  a  great  number  of  mounds  Jilong  the  Ten- 
nessee and  its  branches ;  and  if  there  are  any  questions  in  regard  to  the 
mound-builders  yet  unsolved,  I  think  this  country  the  place  to  solve 
them  in.    Did  they  bury  their  dead  in  the  bottom  or  on  the  top  of  the 
mounds ;  or  did  they  bury  them  in  or  near  their  villages  ;  and  did  they 
bury  one  of  the  jars  or  pots  with  them ;  or  was  something  hidden  in  the 
buried  vessels?    I  think  that  nothing  but  careful  digging  will  solve 
these  questions.  . 


384  ETHNOLOGY. 

SOME  ACCOUNT  OF   THE  SARCOPHAGUS  IX  THE   NATIONAL    MUSEUM  KOW 

IN  CHARGE  OF  THE  SMITHSONIAN  INSTITUTION. 

By  Rear-Admiral  A.  A.  Hauwood,  U.  S.  N. 

Washington,  December  17, 18C9. 

I  recognize  tbis  sarcophn^is  as  one  of  two  monuments  removed  from 
elevated  grounds  just  in  the  rear  of  Beirut,  in  Syria,  and  embarked  on 
board  the  United  States  frigate  Constitution,  the  flag-ship  of  the  Med- 
iterranean squadron,  of  which  I  was  at  the  time  first  lieutenant.  I  left 
the  ship  shortlj'  after,  and  on  my  return  to  the  United  States  learned 
from  reliable  sources  that  one  of  the  sarcophagi  referred  to  had  been 
presented  by  Commodore  Elliott  to  Carlisle  College,  in  Pennsylvania, 
and  that  the  other,  after  having  been  offered  to  General  Andrew  Jack- 
son to  be  buried  in,  and  the  old  hero's  declining  the  honor,  was  depos- 
ited in  the  Patent  Office  as  the  tomb  of  the  Emperor  Alexander  Sev- 
erus. 

As  you  have  probably  observed,  there  is  no  inscription  on  this  coffin, 
(to  give  it  its  English  name ;)  consequently  who  the'occupant  was,  or 
what  his  position,  is  a  subject  of  i)ure  conjecture. 

The  somewhat  profuse  carving  upon  it  might  suggest  that  its  former 
tenant  was  "  well  to  do  in  the  world,"  but  the  style  is  hardly  chaste  and 
simple  enough  to  encourage  the  supposition  that  he  or  she  was  of  im- 
perial or  patrician  rank.  Nevertheless,  for  nearly  twenty  years  this  relic 
was  exhibited  in  a  public  building  of  the  metropolis,  labeled  as  the  hist 
resting-place  of  the  Emperor  Alexander  Severus,  and  nobody  took  the 
pains  to  question  the  accuracy  or  expose  the  absurdity  of  the  legend. 

It  was  found  near  to  the  one  referred  to  as  having  been  presented  to 
Carlisle  College,  which  is  inscribed  with  the  name  of  ^' Julia  Mamaea," 
and  in  virtue  of  that  fact  assumed  to  be  the  coffin  of  the  Homan  Empress 
of  the  same  name,  and  the  wish  thus  becoming  "father  to  the  thought,^ 
the  contiguous  receptacle  was  incontinently  credited  as  having  contained 
the  mortal  remains  of  her  imperijil  son. 

Any  respectable  coffin  in  the  same  grave-yard  would  have  had  as  good 
a  claim  to  the  honor  of  having  inclosed  an  emperor;  but  after  all,  the 
first  step  to  be  taken  should  have  been  to  ascertain  who  the  Julia  re- 
ferred to  by  the  inscription  was.  She  might  have  been  a  relative  of  the 
Empress,  the  mother  of  Alexander,  both  because  the  Empress  wa«  of  a 
Syro-Phoeneeian  family,  and  because  the  style  of  the  sarcophagus,  incor- 
rectly represented  as  hers,  is  simple  and  elegant,  and  such  as  might 
have  contained  the  bones  of  the  kinswoman  of  an  empress,  but  the 
inscrii)tion,  which  I  copied  carefully  at  the  time,  very  conclusively 
establishes  the  fact  that  she  was  not  the  Empress  Mamaea.  It  runs  as 
follows: 

lYLIA.  C.  FLL. 

MAMAEA 
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which,  if  1. have  not  lost  all  my  Latin,  means  Julia  Mamaea,  daughter  of 
Caia,  lived  thirty  years. 

The  Empress  Julia  Mamaea  was  not  the  daughter  of  Caia,, but  of  Julia 
Soemias ;  the  legend  on  her  tomb  should  therefore  be  I.  FIL,  and  not 
C.  FIL.  Then  she  was  killed  in  Gaul  with  her  son  Alexander,  in  a 
mutiny  of  the  soldiers,  on  the  same  day. 

According  to  the  best  authorities,  he  was  just  thirty  years  old  when 
this  event  took  place.  None  make  him  more  than  thirty-three.  Assum- 
ing the  least  probable  as  the  date,  then,  if  the  sarcophagus  at  Carlisle 
College  be  that  of  the  mother  of  Alexander  Severus,  she  must  have  given 
birth  to  her  son  when  she  was  but  three  years  old,  which  is,  to  say  the 
least,  unusual. 

In  brief,  that  the  sarcophagus  now  deposited  at  the  Smithsonian  In- 
stitution was  taken  ftom  an  ancient  cemetery  at  Beirut,  in  Syria,  and 
brought  to  the  United  States  by  Commodore  J.  D.  Elliott,  in  the  fiigate 
Constitution,  and  by  him  deposited  in  the  Patent  OflBce,  and  thence 
transferred  to  the  Smithsonian  Institution,  would  be  a  plain  and  truth- 
ful label  to  put  on  the  relic. 


ACCOUNT  OF  THE  DISCOYKRT  OF  A  STOXE  IMAGE  U  TEXNESSEB,  KOW  IN 

POSSESSION  OF  THE  SMITHSONIAN  INSTITUTION. 

By  Edw.  M.  Grant. 

Nashville,  Tennessee,  August  12, 1868, 

The  history  of  its  discovery  is  as  follows :  Near  Strawberry  Plains — 
a  station  of  the  East  Tennessee  and  Virginia  Kailroad,  about  sixteen 
miles  east  of  Knoxville,  Tennessee — there  is  a  cave,  one  of  the  many 
hundreds  of  those  natural  curiosities  that  are  to  be  found  in  the  belt  of 
country  lying  between  the  Ohio  Kiver  on  the  north  and  Northern  Mis- 
sissippi, Alabama,  and  Georgia  on  the  South,  the  Mississippi  Eiver  on 
the  West,  and  the  Atlantic  Ocean.  This  cave  is  in  the  direct  line  of 
march  of  De  Soto's  expedition  to  the  Mississippi  Kiver  j  many  of  his 
forts,  and  other  traces,  being  still  visible  at  the  present  day  in  that  sec- 
tion of  country.  In  the  early  spring  of  1867  I  had  a  force  of  men  build- 
ing the  large  bridge  over  the  Holston  River  at  Strawberry  Plains ;  and 
during  one  of  the  various  visits  that  I  made  to  the  work  I  saw  this  stone 
image,  which  had  just  been  found  in  the  cave  referred  to,  about  one-half 
mile  from  its  mouth,  I  think,  by  a  man  named  Douglas,  who  was  wan- 
dering about  in  the  cave  one  Sunday.  It  was  attached  to  a  stalactite 
or  stalagmite  at  the  back  of  the  head,  where  a  fresh  portion  of  the  rock 
can  now  be  observed,  evidently  having  been  chiseled  from  one  of  the 
formations  mentioned,  an  operation  that  required  considerable  skill  and 
patience,  as  the  red  Tennessee  marble,  which  it  is  cut  from,  is  very  hard, 

and  its  crystalline  formation  renders  it  very  difficult  to  carve.    Douglas 
25  s 
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was  away  from  home  at  the  time,  and  cousequentlyl  could  not  obtain 
it  from  him.  My  evident  desire  to  possess  it,  however,  attracted  the  atten- 
tion  of  my  foreman,  Mr.  B.  F.  Price,  and  after  Douglas  returned  Price 
purchased  it  and  sent  it  to  me  by  express  as  a  present. 

It  has  been  examined  by  several  persons  who  have  paid  considerable 
attention  to  Indian  antiquities  in  the  South,  and  none  of  them  has  ever 
seen  anything  like  it.  Traditions  here  indicate  that  the  tribes  who 
inhabited  this  country  were  not  idol- worshipers ;  still,  this  maybe 
erroneous.  Tbe  cave  in  which  this  image  was  found  has  never  been 
explored.  I  believe  the  inhabitants  in  the  neighborhood  are  too  super- 
stitious to  make  many  explorations  in  such  places,  and  the  finding  of 
this  image  did  not  tend  to  allay  their  apprehensions ;  consequently  there 
maj"  be  many  other  traces  of  the  worshipers  of  this  idol  in  the  mazy 
passages  of  this  subterranean  labyrinth.  Very  few  of  the  immense 
numbers  of  these  caves  have  ever  been  thoroughly  explored.  Some  of 
them  have  been  traced  many  miles,  and  hundreds  of  passages,  in  every 
direction,  discovered,  but  no  termination  was  reached  in  any  of  them.  I 
have  been  in  one  of  these  caves  that  I  think  surpasses  the  far-famed 
Mammoth  Cave  of  Kentucky. 

I  believe  that  the  belt  of  country  referred  to  in  the  beginning  of  my 
letter  is  richer  in  interesting  features  of  geology,  mineralogy,  antiqui- 
ties, &c.,  than  any  other  section  of  this  continent.  It  is  a  region  that 
never  has  been  scientifically  surveyed,  and  promises  a  rich  field  for  the 
naturalist,  geologist,  and  mineralogist,  as  well  as  the  antiquarian. 


OX  MIXED  RACES  IX  LIBERIA. 

By  Edw.  D.  Blydex. 

[The  writer  of  the  communication  from  which  the  following  extracts 
are  given  is  a  pure  negro,  a  native  of  St.  Thomas,  and  now  professor  in 
Liberia  College.  The  letter  was  addressed  to  a  member  of  the  board  of 
directors  of  the  American  Colonization  Society. — J.  H.] 

Monrovia,  October  6, 1869. 

My  Dear  Sir  :  I  send  inclosed  a  catalogue  of  all  the  students  who 
have  ever  been  in  Liberia  College.  It  will  be  seen  that  not  only  were 
they  not  natives,  (aborigines,)  but  more  than  three-fourths  the  number 
have  been  largely  mixed  with  Caucasian  blood,  and  among  these  death 
and  disease  have  made  sad  ravages. 

The  great  practical  difficulty  in  the  way  of  succeeding  with  our  schools 
is  the  lack  of  suitable  teachers.  It  is  sad  to  relate  that  notwithstand- 
ing the  thousands  of  dollars  spent  annually  here  by  the  different  mis- 
sions for  educational  purposes,  there  are  still  but  very  few  teachers  to  be 
found,  especially  among  femaVea,  abl^^  c»wd\i<cit  ^ro^erly  an  elementary 
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?ichooL  The  reason  is  that  pains  and  money  have  been  bestowed  upon 
persons  hirgely  mixed  with  Caucasian  blood,  who,  if  males,  have  mostly 
(lied,  or  if  females,  have  got  married  and  assumed  the  cares  of  a  family. 
It  seems  that  the  females  of  mixed  blood,  who  are  not  obliged  to  put 
forth  much  exertion,  and  not  subject  to  much  exposure,  last  longer  thiin 
the  males.  It  appears,  also,  that  mulattoes  born  and  brought  up  in 
America,  if  they  can  pass  through  the  acclimating  process,  stand  the 
climate  much  better  than  those  born  here,  but  only  by  engaging  in  as 
little  physical  or  mental  labor  as  possible.  Persons  having  an  admix- 
ture of  foreign  blood  are  very  frail,  easily  take  cold,  and  seldom  recover 
from  a  severe  attack  of  illnes.s.  This  will  account  in  part  for  our  want 
of  enterprise  and  progress  here.  Such  men  have  had  the  lead  and  man- 
agement of  things,  and,  by  the  fearful  example  of  their  disastrous  inac- 
tivity, have  been  obstructive  guides,  discouraging  all  energy  and  go^a- 
headativeness. 

Before  the  question  of  race  came  up  here,  mulattoes  died  just  as  they  do 
now,  but  it  was  not  noticed.  Their  mortality  was  put  down  to  the  gen- 
eral unhealthiness  of  the  climate.  But  since  Professor  Freeman,  in  his 
address  of  Julj^,  18G8,  called  the  attention  of  the  people  to  the  startling 
history  of  mixed  breeds  on  this  coast  for  the  last  two  hundred  years, 
the  mixed  classes  have  been  watching  with  alarm  the  numerous  indica- 
tions of  the  frail  tenure  of  their  existence. 

I  have  been  for  the  last  eighteen  years  connected  with  educational 
matters  here,  and  feel  safe  in  giving  it  as  one  reason  why  we  are  no 
better  off  in  men  to  take  charge  of  schools  and  churches,  that  the  atten- 
tion of  educators  has  been  principally  devoted  to  persons  of  feeble  con- 
stitutions. 

The  idea  was  that  the  presence  of  white  blood  imparted  greater  apti- 
tude for  learning,  and  such  persons  were  to  be  fitted  for  teachers. 
Black  boys  of  hale  and  hearty  physique  were  left  to  grow  up  unnoticed. 
Many  of  them  have  taken  to  sea-faring  life,  or  gone  to  reside  as  perma- 
nent traders  among  the  natives,  who  might  now  be  active  workers  in 
our  destitute  fields.  But  with  all  the  advantages  aftbrded  to  the  niisce- 
gens,  still  the  only  professors  for  the  college  yet  produced  in  Liberia 
are  pure  negroes;  and  the  only  man  with  enterprise,  energy,  and  talent 
enough  to  explore  the  interior,  calcuLate  distances,  and  construct  a  map 
is  a  pure  negro ;  and  in  the  future,  if  we  have  any  scientific  men  here, 
botanists,  mineralogists,  chemists,  &c.,  they  are  sure  to  be  pure  negroes, 
and  perhaps  from  the  native  tribes. 

But  what  has  become  of  the  half  and  three-fourths  white  protegSs  t 
In  the  Alexandria  high-school  we  had  Armistead,  Miller,  Fleming,  Mel- 
ville, Augustus,  Fryzon,  Samuel  D'Lyon,  Colston,  Waring,  James  H. 
Roberts,  all  are  dead.  In  Liberia  College,  we  have  had  James  H. 
Evans,  J.  J.  Roberts,  jr.,  Beverly  Russell,  J.  T.  Chambers,  John  Henry, 
J.  H.  Harris,  Edmund  J.  Payne,  all  dead.  J.  W.  Leone  is  a  raving 
maniac,  and  may  die  at  any  moment.    In  connection  with  thia^  I  would 
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like  you  to  read  a  letter  wliicli  I  wrote  last  year  to  Mr.  William  Tracy, 
of  New  York,  dated  September  11, 1868.  Facts,  it  is  said,  are  God's 
arguments.  I  venture  to  affirm  that  if  the  names  I  have  just  cited  had 
been  negroes,  three-fourths  of  them  at  least  would  have  been  hviug 
to-day  5  for  in  all  that  space  of  time  I  know  of  only  one  negro  con 
nected  with  either  institution  who  has  died,  N.  R.  Kichardson,  of  sud- 
stroke. 

Now,  who  is  to  blame  for  these  things  !  No  one  in  the  past ;  but  if 
they  are  continued  in  the  future,  after  God  has  presented  his  arguments, 
then  those  who  continue  them  must  be  blamed,  I  do  not  charge  guilt 
upon  any  one  in  the  past,  for  I  believe  that  these  things  were  not  done 
at  the  instigation  of  wrong  passions,  but  under  the  delusion  of  a  false 
theory.  And  you,  gentlemen  in  America,  proud  of  your  race  and  blood, 
have  thought,  perhaps,  that  it  must,  as  a  matter  of  course,  endure  here, 
when  strengthened  by  a  negro  basis,  and  bring  to  the  negro  an  acces^ 
sion  of  improving  mental  qualities.  But  youi-  theory  has  not  stood  the 
test.  So  far  as  physical  hiealth  and  vigor  are  concerned,  I  would  rather 
take  my  chance  here  as  a  pure  Caucasian  than  as  a  mongrel.  The  ad- 
mixture of  the  Caucasian  and  negro  is  not  favored  by  Providence  in 
inter-tropical  Africa,  whatever  may  be  the  case  in  America.  Let  me 
beg  you  to  look  at  this  matter  at  once  before  wasting  any  more  tlioo 
sands  upon  an  impracticable  scheme.  God  does  not  intend  that  the 
Egj-pt  of  America  shall  be  reproduced  in  this  African  Canaan.  If  per 
sons  who  are  half  and  three-fourths  Egyptian  could  live  and  thrive  hert, 
if  the  families  whose  disappearance  and  extinction  I  have  noticed  in  my 
letter  to  Mr.  Tracy  could  have  lived  and  carried  out  their  \iews,  and 
gratified  their  tastes,  we  should  long  since  have  had  a  miniature  Egyi>t 
here  with  its  caste  feelings  and  prejudices. 

The  friends  of  the  negro  in  America  must  learn  to  believe  that  the 
negro  can  exist  and  prosper  without  the  aid  of  white  blood  in  his  veioiv 

Now  that  slavery  is  abolished  in  America,  and  the  blacks  are  beiug 
educated,  it  is  to  be  hoped  that  all  good  men  will  discourage,  as  far  as 
l)ossible,  the  *' miscegenation''  doctrine.     The  negro  race  is  iojured 
b^-  it  far  more  than  the  white,  for  by  prejudice  the  nondescript  progeuy  is 
consigned  to  our  side,  even  if  they  are  three  fourths  or  seven-eighths 
white,  and  thus  involve  us  in  an  inextricable  "  muddle."    This  is  cer- 
tainly a  vexed  question.    But  the  higher  plane  to  which  the  American 
people  have  attained  by  the  recent  revolution  has  given  tbejn  loftier 
views  and  wider  sympathies,  and  has  furnished  the  means  of  education 
for  the  negro,  which  will  supply  the  transition  process  from  his  low 
estate  to  a  more  intelligent  and  respectable  position.    Respect  for  the 
negro  is  becoming  more  and  more,  in  the  progress  of  events  in  America, 
the  happy  distinction  of  our  age.    The  negro  is  being  taught  to  respect 
himself,  and  soon  he  will  think  it  no  honor  to  mingle  his  blood  with 
that  of  the  Caucasian,  Indian,  or  Mongolian. 
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ON  SHELL-HEAPS. 

By  Rev.  James  Fowler,  of  New  Brunswick. 

I  have  lived  for  a  number  of  years  near  the  coast,  but  have  never 
enjoyed  the  pleasure  of  discovering  any  of  these  heaps,  and,  as  the 
result  of  my  inquiries,  have  cotoe  to  the  conclusion  that  none  such 
are  to  be  found  along  the  shores  of  this  county  or  the  neighboring 
county  of  Northumberland.  Their  absence  may  be  accounted  for  by 
the  fact  that  the  whole  coast  is  very  low,  and,  being  composed  of  the 
soft  sandstone  shale  of  the  carboniferous  formation,  is  constantly  wear- 
ing away  by  the  action  of  the  waves.  Within  the  last  ten  years  the  sea 
has  encroached  several  rods  upon  the  land.  At  Bay  du  Vin  a  church 
was  erected  about  fifty  years  ago  at  such  a  distance  from  the  shore  that 
it  was  thought  the  sea  could  never  reach  it,  (the  bank  or  cliff  being  ten 
feet  high,)  but  the  church  toppled  into  the  sea  five  or  six  years  ago, 
and  the  burial-ground  that  lay  around  it  will  soon  have  disappeared. 
Ten  years  ago  a  single  storm,  in  October,  removed  the  coast-line  from  four 
to  five  rods  inland  in  exposed  situations,  and  changed  the  appearance 
of  long  stretches  of  the  shore.  If  shell-heaps  ever  existed  on  this  coast, 
they  must  long  ago  have  been  swept  away  by  the  constant  encroach- 
ments of  the  sea.  Again,  there  are  portions  of  the  mainland  protected 
by  outside  beaches  running  parallel  with  the  coast  and  separated  from  it 
by  distances  varying  Irom  a  few  rods  to  a  mile.  These  are  composed  of 
loose  sand,  and  are  continually  changing  their  positions,  owing  to  the 
miction  of  winds  and  tides,  so  that  any  heaps  that  may  have  accumu- 
lated on  them  must  have  been  buried  or  swept  away  long  ago. 

The  coast  of  the  Bay  of  Fundy  is  composed  of  harder  rocks  than  our 
coast^and  is  consequently  better  fitted  for  preserving  any  deposits  on 
the  banks.  I  do  not  see,  however,  why  heaps  should  not  be  loimd  in 
some  of  the  more  sheltered  bays  or  recesses  of  the  coast,  but  I  have 
riot  yet  been  able  to  discover  their  existence. 

I  have  made  inquiries  about  the  stone  implements  of  the  aborigines, 
and  have  succeeded  in  securing  two  arrow-heads  and  an  ax.  Several 
have  been  found  in  this  locality ;  but  as  those  who  find  them  are  ignorant 
of  their  value,  they  never  think  of  preserving  them,  and  they  soon  dis- 
appear, or  arQ  broken  up  by  children.  JShould  these  I  have  be  of  any 
service  I  can  forward  them. 

I  regret  that  I  am  incapable  of  furnishing  you  with  more  positive 
information,  but  negative  conclusions  are  sometimes  valuable. 
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OX  THE   USES  OF  THE   BRAIX  AXD  MAHHOW  OF  ANIMALS  AMOXG  TftE 

INDIANS  OF  NORTH  AMERICA. 

By  Titian  R.  Peale, 
UHited  States  Patent  Office, 

The  uses  of  the  brain  and  marrow  of  animals  among  savage  people 
having  become  of  interest  in  connection  with  the  ethnological  researches 
which  are  being  prosecuted  with  so  much  ardor  in  this  and  other  eoun 
tries,  a  brief  exposition  of  the  facts  relative  to  the  subjec't,  observed  by 
myself,  and  collected  from  the  writings  of  others,  maj'  not  be  unaceept 
able  for  the  Smithsonian  report.     It  may  not,  perhaps,  be  improi>er  to 
state,  as  introductory  to  the  subject  of  this  oommuaication,  that  1 
am,  with  one  exception,  (that  of  General  Swift,)  the  only  survivor  of 
the  celebrated  expedition  of  Major  Long  to  the  Rocky  Mountains.    We 
owe  this  delay  of  the  inevitable  summons  of  the  grim  messenger  princi- 
pally to  the  fact  that  we  were  the  youngest  of  a  party  numbering  twenty 
six.    I  was  appointed  as  assistant  naturalist  and  draughtsman  of  the 
expedition,  and,  among  other  duties,  was  directed  by  the  letter  of  my 
instructions  to  give  attention  to  the  method  employed  by  the  natives  in 
the  preparation  of  the  skins  of  animals  killed  for  food  or  for  their  furs. 

The  material  used  for  the  preservation  of  the  skins  is  principally  the 
brains  of  the  animal  from  which  they  were  taken.    While  the  skins  are 
fresh,  or  in  their  green  state,  they  are  stretched  on  the  ground,  and 
scraped  with  an  instrument  of  bone  or  stone,  resembling  an  adze;  the 
adhering  portions  of  flesh  are  removed,  and  the  surface  is  then  plas^ 
tered  over  with  the  brains,  mixed  in  some  cases  with  the  liver,  aud  on 
this  is  poured,  from  time  to  time,  warm  water  in  which  the  meat  has 
been  boiled.    The  whole  is  then  suffered  to  dry,  after  which  the  ^ia  u 
again   subjected  to    the  action  of  the  brain  and  hot  water,  further 
stretched,  and,  while  still  wet,  scraped  and  rubbed  with  stones  until  per- 
fectly dry.    It  is  further  softened  by  rubbing  and  passing  it  backward 
and  forward  over  a  twisted  sinew,  stretched  horizontally.     The  hraiu 
of  an  animal  is  sufficient  to  dress  its  skin ;  but,  in  some  cases,  a  less 
quantity  is  suflBcient  for  the  purpose.     I  have  myself  used  this  process 
in  the  preparation  of  skins,  but  have  found  animal  brains  inferior,  as  a 
curing  material,  to  a  mixture  of  saltpeter  and  ailum.     The  Indian,  how- 
ever, has  no  choice,  and  makes  use  of  such  materials  as  he  can  procure, 
and  which,  probably  from  accidental  discovery  and  subsequent  experi- 
ence, he  has  found  to  produce  the  desired  effect. 

The  marrow  of  bones  of  animals  has  generally  been  esteemed  as  a  lux 
ury,  and  among  the  Indians  of  this  continent  is  held  in  high  estimation, 
l)articularly  that  of  the  bones  of  the  buffalo,  the  elk,  the  moose,  and  the 
deer.  The  round  bones  of  these  animals  are  roasted  on  the  coals  or  be- 
fore the  fire,  then  split  with  a  stone  hatchet,  and  in  some  cases  with  a 
wedge  driven  iw  betw^eiv  \A\^  e.o\iv!l^\<i^  when  the  bone  has  these  ter- 
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minations.  The  marrow  is  then  scooped  out  with  a  piece  of  wood  cut 
into  the  form  of  a  spoon,  and  eaten  on  the  instant  by  the  members  of  the 
party,  seated  around  the  camp  fire.  A  feast  of  this  kind  can  only  be 
fully  enjoyed  after  a  successful  hunt.  When  the  marrow  is  collected  in 
quantity  for  storing  during  the  hunting  season,  which  occurs  usually 
twice  a  year,  the  bones  of  the  larger  animals  are  broken  into  small  frag- 
ments and  boiled  in  water  until  all  the  marrow  which  they  contain  and 
the  grease  which  adheres  to  them  are  separated,  and  rise  to  the  surface, 
when  they  are  skimmed  off  and  packed  in  bladders,  or  in  the  muscular 
coat  of  the  stomach  and  in  the  large  intestines,  which  have  been  pre- 
viously prepared  for  this  use.  !N^ot  only  is  the  marrow  of  the  largo 
bones  of  the  limbs  preserved  in  this  manner,  but  also  that  of  the  verte- 
bral column.  The  bones  of  this  are  comminuted  by  pounding  iliem  with 
a  stone  hammer,  similar  to  those  which  are  plowed  up  in  the  Eastern 
States. 


SEPOBT   OF  AN   EXPLORATION  OF   ANCIENT  MOUNDS  IN  UNION  COUNTY, 

KENTUCKY, 

Made  by  the  request  and  at  the  expense  of  the  Smithsonian^  Institution, 


By  Sidney  S.  Lyon. 


Jeffeesonville,  Indiana,  July  29, 1868. 

I  have  made  to  the  Institution  the  following  shipments :  First,  from 
Shawneetown,  one  box  containing  casts  of  all  that  was  left  of  the 
famous  "  Foot-print  Eock,"  the  last  of  this  rude  carving  having  been 
destroyed  or  removed  since  my  examination  in  1858.  Second,  four  bar- 
rels of  specimens  from  the  Lindsay  mounds,  or  that  from  w  hich  was 
taken  the  parcels  sent  by  myself  several  years  since  to  the  Institution. 
These  articles  were  taken  from  the  land  belonging  to  Leonard  Eober- 
son,  but  the  property  has  since  changed  ownership.  Third,  three  bar- 
rels and  three  boxes ;  the  barrels  contain  articles  from  mounds  37  and 
38,  shown  on  diagram  No.  6 ;  box  No.  2  contains  articles  from  the  Lind- 
say mound,  and  a  few  from  other  places;  box  No.  3,  articles  from 
McCoughely's  mound,  in  the  rear  of  Raleigh,  Kentucky;  box  No.  4, 
some  of  the  best  articles  from  mounds  37  and  38. 

The  results  of  this  exploration  have  been  of  less  interest  than  I  ex- 
I)ected.  I  encountered  unforeseen  difficulties.  The  greatest  trouble  was 
to  get  and  retain  good  laborers,  and  the  utter  impossibility  of  boarding 
them  near  the  field  of  operations.  During  the  last  twenty-two  days  the 
men  had  to  walk  four  miles  to  and  from  their  work,  with  the  thermometer 
at  950.  An  expedition,  to  operate  most  efficiently,  should  be  i)rovided 
with  tents  and  encamp  near  the  work.  The  company  should  be  organ- 
ized before  starting  and  not  depend  on  assistance  which  may  be  pro- 
cured in  the  country.  There  is  a  great  field  for  investigation  on  botli 
sides  of  the  Ohio,  near  the  mouth  of  the  Wabash  River.  The  people  of 
the  country  have  little  or  no  exact  iirformation  as  to  the  number  or  loca- 
tion of  the  mounds.  When  a  field  is  cleared  inclosing  a  mound,  and 
bones  are  ploughed  up,  the  fact  becomes  known,  but  the  existence  of 
mounds  in  the  woods  or  on  the  ridges  is  almost  unknown;  and  as  they 
are  undoubtedly  very  numerous  an  exi)lorer  would  find  work  enough 
to  do. 

1  send  you  diagrams  of  some  of  the  groups  I  have  examined,  with  an 
account  of  their  character,  and  of  the  facts  obtained  during  the  forty- 
two  days  of  our  exploration.  I  hope  the  results  of  my  labors  may  prove 
satisfactory  to  the  Institution,  although  they  are  not  all  I  could  have 
wished. 

The  diagrams  of  the  groups  of  mounds  are  not  deduced  from  exact 
surveys  as  to  course  or  distance,  the  bearings  having  been  taken  by  a 
commou  i)ocket-compasa  auAlXxe  (W^t^-swiQ,^  \si^^"e»\5ct<^^\i^  ^\K^>^^s^%. 
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This  group  consists  of  three 
sub-groups.  The  one  most 
eastwardly  is  composed  of 
two  mounds.  No.  1  is  80  feet 
in  diameter  and  10  feet  high ; 
No.  2  is  40  feet  in  diameter 
and  4  feet  high.  The  middle 
sub-group  consists  of  four 
mounds  171  feet*  distant  from 
Nos.  1  and  2;  Nos.  4,  5, 
and  6  are  severally  45,  45,  and  40  feet  distant  from  No.  3,  which  is  60 
feet  diameter  and  8  feet  high  ;  Nos.  4,  5,  and  6  are  33  feet  diameter; 
Nos.  4  and  5  are  3  feet  high ;  No.  G  is  5^  feet  high. 

The  most  westwardly  sub-group  consists  of  seven  mounds.  No.  7  is 
a  large  one,  about  70  feet  diameter  and  10  teet  high ;  Nos.  10  and  11  are 
4  feet  high;  Nos.  8,  9,  12,  and  13  are  3  feet  high;  Nos.  8,  9,  and  10  are 
60  feet  from  No.  7 ;  Nos.  11,  12,  and  13  are  from  33  to  35  feet  from  the 
bases  of  Nos.  8,  9,  and  10  severally. 

This  remarkable  group  of  mounds  is  situated  in  Union  County,  Ken- 
tucky, about  two  miles  from  the  ferry-landing  opposite  Shawneetown, 
and  about  half  a  inile  south  of  the  "foot-print  rocks.''  Mounds  Nos.  1, 
3,  6,  and  7  were  opened  near  the  center  many  years  since  by  Dr.  Gieger. 
I  could  not  learn  if  anything  had  been  taken  from  them.  The  appear- 
ance of  disturbance  left  by  the  excavation  of  Dr.  Gieger  indicates  that 
the  openings  made  by  him  were  not  sufficient  to  develop  the  full  con- 
tents of  the  mounds. 

I  opened  mounds  Nos.  2  and  4  by  digging  a  ditch  about  5  feet  wide 
from  the  margin  of  the  mounds  to  the  middle  of  each,  expanding  the 
opening  at  the  center  to  a  circle  of  8  feet.  The  ditch  and  center  of  the 
mounds  were  excavated  to  the  original  soil ;  nothing  was  found  in  either. 
The  mounds  2  and  4  were  begun  on  the  soil  and  composed  of  a  loose 
sandy  loam,  probably  obtained  in  the  neighborhood. 

Nos.  1,  3,  and  7  are  large  mounds,  the  others  are  low  and  flat  and  have 
the  appeai'ance  of  the  mounds  which  I  consider  as  common  burial 
mounds. 

All  the  mounds  of  Diagram  No.  1  are  on 
a  flat,  low  ridge,  about  40  feet  above  high- 
water  of  the  Ohio  River. 

This  group  of  four  mounds  (Diagram  No.  2) 
was  visited  with  the  intention  of  excavating 
No.  3,  but  it  was  not  possible  to  get  men  to 
walk  so  far.  My  attention  was  called  to  this 
group  of  mounds  by  Mr.  Eichardsou,  of  Un- 
iontown,  who  had  knowledge  of  the  opening 
of  mound  No.  3  for  the  purpose  of  interring  a 

—  M  I       II  — ^^^— ~ 

*  The  meaaiu'eiueuts  above  are  from  base  ro  base  of  the  mouuds  aud  uot  fcouv  <i«iw.V.'«. 
io  center. 
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negro  man,  who  desired  to  be  buried  there.  In  dig^ng  the  grave, 
skeletons  were  discovered  and  also  three  or  four  earthen  vesseU. 
These  mounds  are  on  the  lands  of  Mr.  Burbank,  about  1 J  miles  west 
of  the  group  on  Diagram  INTo.  1.  !No  examination  was  made  of  the 
country  lying  immediately  between  these  groups. 

The  Lindsay  mouiid. — This  is  an  isolated  mound,  there  being  no  other 
nearer  than  half  a  mile.  It  is  situated  oh  the  low  hills  which  form  the 
margin  of  the  flat  lands  on  Buffalo  Creek,  a  tributary  of  Cypress  Creek, 
of  the  Ohio,  about  four  miles  in  the  rear  of  Raleigh,  Union  Connty, 
Kentucky.  It  terminates  a  low  point  of  a  low  ridge  and  is  about  3;5  feet 
in  diameter.  It  was  examined  in  1854  and  many  skeletons  discovered, 
with  specimens  of  pottery;  with  three  skulls.  The  latter  were  forwarded 
to  the  Smithsonian  Institution  at  that  time.  This  examination  having 
revealed  the  character  of  the  mound,  I  determined  to  explore  it  thor- 
oughly. The  work  was  begun  on  the  west  side  (the  lowest)  and  the 
whole  examined  by  trenches  from  4  to  6  feet  deep. 

On  the  west  side  bodies  were  found  covered  with  six  feet  of  earth, 
forming  there  about  five  separate  layers.  The  bones  of  the  lowest  layer 
were  so  tender  that  they  could  not  be  removed,  and  deeper  digging 
was  not  made.  It  is  therefore  not  known  whether  the  lowest  bodies 
in  this  mound  were  reached.  It  J«\'ould  appear  that  the  general  plan  of 
burial  was  to  scrape  the  surface  free  from  all  vegetable  matter,  and  de- 
posit the  body  on  its  back,  with  the  head  turned  to  the  left  side.  Hie 
bodies  at  the  bottom  of  the  heap,  so  far  as  could  be  ascertainetl  by  the 
examination,  were  buried  without  weapons,  tools,  or  burial  urns,  (i^otc^.) 
!No  traces  of  vegetiible  matter  could  be  found  in  the  fine  siliceous  earth 
w  ith  which  these  deeply  buried  bodies  were  covered.  To  the  depth  of 
three  feet  from  the  surface,  some  of  the  bodies  had  with  them  burial 
urns.  They  were  found  near  the  bodies  of  infants  and  young  |>ersons,  and 
it  was  with  difficulty  a  single  fragment  of  the  bones  could  be  pro- 
cured by  caving  in  the  face  of  the  digging.  The  bones  of  old  and 
adult  persons  were  well  preserved  in  the  siliceous  loam,  but  very  imper- 
fectly in  clay.  Three  or  four  tiers  of  skeletons,  of  later  burials,  were 
covered  with  clay.  It  is  probable  that  as  many  as  three  hundred 
bodies,  infant  and  adult,  were  buried  in  this  mound.  All  the  flints 
and  other  works  of  art  found  entire  were  packed  in  the  four  barrels  and 
box  iXo.  2  sent.  The  pressure  of  the  roots  of  the  trees  growing  upon 
and  around  the  mound  had  broken  many  of  the  burial  urns.  Sev- 
eral of  these,  of  unusual  form,  were  sent  without  any  attempt  at 
restoration.  No  bodies  were  buried  exactly  in  or  near  the  center  of  the 
elevation,  but  thoy  appear  to  have  been  arranged  in  a  circle,  he^id  in- 
ward for  the  first  layer,  and  extended  toward  the  margin  by  an  addi 
tional  circle  or  more  of  bodies.  Adults  and  children  were  buried  toirether, 
the  latter  lying  between  the  former.  Toward  the  margin  of  this  monud 
on  the  east  side,  there  was  some  irregularity  in  the  burials.  Three  bodies 
were  found  head  owtvc^^id,  l\\T^e  qv  fovw  Iyui^  nearly  at  right  angles 
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to  the  rinlii  of  the  circle.  No  urns  were  found  with  any  of  these 
irregular  bodies.  Some  of  them  lay  in  clay  were  too  tender  for  re- 
moval. 

A  poplar  tree  was  felled  ten  years  ago  at  the  margin  of  this  mound, 
of  which  the  rings,  counted  at  the  time,  indicated  an  age  of  two  hun- 
dred and  forty-nine  years.  A  root  of  this  tree,  over  one  foot  in  diam- 
eter, ran  nearly  across  the  mound.  At  one  point  where  this  root 
wa'fe  cut  away  were  found  four  tiers  of  bodies  under  and  two  above  it. 
Two  or  three  excavations  had  been  niade  long  since  into  this  mound, 
throughoneof  which  the  large  root  passed,  showing  a  greater  antiquity 
than  that  of  the  tree.  The  colored  earth  showed,  in  one  of  these  excava- 
tions in  section,  an  inverted  cone  with  irregular  outline  four  and  a  half  feet 
at  the  surface  and  one  foot  wide  at  the  depth  of  five  and  a  half  feet. 
This  hole  or  evidence  of  an  excavation  extended  down  to  the  earth  of  uni- 
form color.  At  the  bottom  were  found  the  skull  of  a  female  elk,  two 
odd  jaws  of  bears,  and  a  small  bundle  of  deer-bone  awls.  Three  other 
of  these  ancient  pits  contained  bodies.  The  direction  of  the  heads 
was  irregular,  not  conforming  to  the  common  method  of  burials. 
With  one  body  flint  weapons  were  found  5  this  was  at  a  depth  of 
five  and  a  half  feet.  The  parcel  of  flints  in  box  2,  the  deer-horn  tips, 
and  the  fragment  of  elk-horn  were  found  with  this  body.  The  principal 
works  of  art  obtained  were  the  specimens  of  pottery. 

On  the  northeast  side  of  the  mound  the  original  soil  was  reached.  On 
the  w  est  side  it  was  not  met  with  at  a  depth  of  6  J  feet.  The  entire  mound 
was  dug  away  except  at  the  margin,  and  where  large  trees  interfered 
with  the  work  on  the  northwest  side.  The  first  burials  either  were 
made  by  those  who  had  no  works  of  art,  or  no  superstition  or  usage 
requiring  such  articles  to  be  buried  with  their  dead.  No  bark  or  vege- 
able  substance  was  used  to  cover  and  protect  the  bodies,  or  else  they 
have  entirely  disappeared. 

The  character  of  the  earth  forming  the  whole  mound,  except  at  the 
northeast  side,  is  such  that  it  may  be  traced  to  a  considerable  excavation, 
distant  one  hundred  and  fift^^  yards  toward  the  southwest.  The  mound 
was  evidently  formed  by  burials  made  on  a  cleanl^'-scraped  surface,  on 
which  the  body  was  laid,  and  then  covered  with  the  yellow  sandy  loam 
from  the  pit  just  alluded  to. 

The  burials  to  the  depth  of  three  feet  from  the  suiface  appear  to  have 
been  made  in  the  same  form  and  manner  as  those  below,  and  the  addi- 
tion of  the  burial  vases  distinctly  marks  either  a  change  of  art  or  super- 
stition. The  irregular  burials  are  those  made  by  excavation  in  the 
mound,  and  filling  the  hole  over  the  bodies.  A  critical  examination  of 
these  holes  satisfied  me  that  no  sharp  tool  w^as  used  in  making  them. 
Sticks  and  the  hands  appear  to  have  been  the  implements  employed. 

In  the  Lindsay  mound  are  three  kinds  of  burial :  those  without  works 
of  art ;  those  with  works  of  art  bodies  laid  on  the  surface ;  and  those 
of  the  deep  excavations,  which  contain  badly  preserved  bones,  and 
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cut  through  the  ancient  surface.  The  graves  dug  were  filled  with 
mixed  and  discolored  earth.  Such  a  mound  as  the  Lindsay  moand'l 
term  a  common  burial-place,  or  a  burial-place  of  the  common  people. 


There  are  other  mounds  somewhat  differing  from  the  preceilin^  aud 
evidently  for  a  different  use.  Of  these,  No.  1,  Diagram  No.  3,  is  au  ex- 
ample. This  mound  is  about  125  feet  in  diameter,  and  from  9  to  10  feet 
high.  It  was  examined  by  digging  a  ditch  45  feet  long,  G  feet  wide,  and 
8  feet  deep ;  beginning  about  10  feet  from  the  southeast  side,  curving  a 
little  toward  the  north  to  avoid  a  large  tree,  ai^d  at  the  middle  bearing 
under  in  various  directions  to  obtain  any  articles  that  might  have 
been  buried  near  the  center  of  the  structure.  Here  I  found  nothing.  I 
learned  after  my  work  was  done  that  many  years  ago  this  mound  had 
been  examined  and  some  articles  obtained  at  a  center  opening. 
Although  I  added  nothing  to  the  collection,  I  ascertained  that  this 
mound  was  of  a  different  construction,  and  evidently  for  a  very  different 
purpose  from  that  of  the  burial  mounds. 

The  excavation  exhibits  a  central  nucleus  of  sand,  about  two  feet  high 
and  twenty  feet  in  diameter.  This  was  built  upon,  preserving  the  rounded 
form,  the  layers  of  earth  thicker  in  the  center,  and  gradually  becoming 
thinner  toward  the  margin,  until  the  work  was  completed.  The  earth 
over  the  sandy  center  appears  to  have  been  deposited  in  loads  of  about 
half  a  bushel  each  of  the  soil  and  subsoil  of  the  surrounding  tields,  dis- 
tinctly marked  in  sections  into  mottled  layers;  such  a  structure  as 
would  be  made  if  the  soil  and  subsoil  were  excavated  from  15  to  IS 
inches  deep  around  the  mound.  Near  the  margin  of  the  mound  was 
found  a  pit  about  three  feet  in  diameter,  extending  into  the  subsoil 
about  twOifeet,  Mled  witVi  aMeiviAt^VaL^^T^  ot  ^^Mth.  and  ashes.    The  ai>- 
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pearauce  was  such  as  would  be  presented  if  a  pit  were  dug  of  tbe  di- 
meusions  stated,  a  considerable  amount  of  wood  burned  in  it,  after  a  long 
interval  of  time  (leaves  and  earth  having  accumulated  half  a  foot  thick) 
a  large  fire  again  made  and  long  continued,  producing  an  inch  thick- 
ness of  ashes,  the  fire  suffered  to  burn  out  and  no  coals  left,  thus  adding 
successive  layers  of  ashes  and  earth  until  the  hole  was  full.  The  fires 
must  have  been  repeated  seven  or  eight  times,  lining  the  entire  hole 
Trith  ashes,  and  gradually  filling  the  excavation. 

No.  8,  Diagram  3,  was  next  examined.  This  is  a  low  mound,  45  feet 
in  diameter,  formed  of  sandy  loam,  very  uniform  in  quality  and  color. 
Eouuded  pebbles  of  the  same  character  and  general  appearance  as  those 
on  the  shore  of  the  Ohio,  one  and  a  quarter  mile  distant,  were  found 
buried  in  groups  of  two,  three,  five,  and  seven.  Attracted  by  this  group- 
ing of  the  pebbles  a  large  amount  of  labor  was  bestowed  on  this  mound. 
It  had  evidently  not  been  made  for  a  burial-place. 
•  No.  3  appearing  of  the  right  form,  and  not  being  on  cultivated  land 
liable  to  be  injured  by  the  excavated  materials,  was  more  than  half  dug 
over  by  my  party  to  a  depth  of  three  feet.  It  yielded  broken  potterj', 
rough  fragments  of  flint,  burnt  surfaces  from  one  to  three  feet  deep, 
but  nothing  worth  preserving. 

By  permission  of  the  proprietor,  and  promised  payment  for  the  corn 
destroyed,  I  opened  mound  No.  4.  This,  like  the  Lindsay  mound,  proved 
to  be  a  common  burial-place.  Pottery  and  broken  pots  strewed  the 
ground.  The  top  of  the  mound  had  been  reduced  by  cultivation.  Some 
of  the  bodies  had  been  half  cut  away  by  the  plow,  and  most  of  the  bur- 
ial vases  broken.  I  dug  this  mound  entirely  over.  The  bones  found 
wore  very  tender.  With  one  skeleton  was  a  parcel  of  paint,  a  large 
double-pointed  flint,  and  a  small  one;  an  arrow-head,  a  small  piece  of 
specular  (?)  iron  ore  from  Missouri  or  Arkansas,  and  some  small  flints. 
The  broken  pot  was  a  large  one,  placed  near  the  shoulder  on  the  left 
.  arm.  Only  a  few  of  the  burial  urns  escaped  the  plow,  roots,  frost,  and 
the  spades  of  my  men.  I  sent  in  the  box  (marked  McCoughtry  mound 
on  some  of  the  parcels)  every  thing  supposed  to  be  of  interest.  My 
own  experience  teaches  me  that  clay  or  tough,  loamy  soil  is  not  as 
good  a  material  to  preserve  the  bones  and  pottery  as  the  fine  siliceous 
earth.     (Loess  of  Dr.  D.  D.  Owen.    See  Kentucky  lleports.) 

I  next  began  operations  on  the  first  range  of  low  hills  immedi- 
ately in  the  rear  of  Uniontown,  nearly  south  of  the  mouth  of  Highland 
Creek,  Diagram  No  4.  This  group  consists  of  seven  mounds,  three  large 
and  four  small  ones.  Southeast  lies  a  group  of  three,  and  south  of  these 
another  group  of  three;  Nos.  14  and  15  are  about  fifty  yards  apart, 
40  feet  diameter,  8  to  10  feet  high,  about  the  size  of  Nos.  3, 4,  and  5. 
Nos.  1,  2,  6,  7,  8,  9, 10, 11, 12,  and  13  are  low  mounds,  varying  in  size 
from  25  feet  to  60  feet  diameter,  and  from  3  to  4  feet  in  height.  Near 
the  mouth  of  Highland  Creek  is  a  ^^itchen  mound.  There  are  a  few  In- 
dian burials  along  the  line  of  the  river  bank.    These  are  covered  with 
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clay,  evidently  subjected  to  tlie  action  of  fire.  Mound  No.  1  wasei 
amined  by  a  ditch  from  east  to  west,  4  feet  deep,  30  feet  long.  This 
ditch  cut  out  the  center  of  the  mound  and  reached  the  subsoil.    Some 
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small  fragments  of  pottery  and  a  few  irregular  chips  of  flint,  and  tbe 
character  of  the  material  forming  the  structure,  were  the  only  evidences 
of  its  artificial  nature.    . 

Mound  No.  5,  one  of  the  three  large  ones  of  this  group,  we  dug  away 
about  one-third.  On  the  southeast  side  several  skeletons  were  found, 
at  a  depth  of  about  3J  feet ;  two  or  three  skulls  without  bodies,  and* 
some  parcels  of  bones,  evidently  dismembered  before  burial.  All  these 
interments  appear  to  have  been  secondary.  This  mound  is  composed 
of  materials  diftering  in  character,  and  resembles  mound  No.  1,  (Dia- 
gram No.  3.) 

Mounds  Nos.  9,  10,  and  11,  on  examination  were  found  to  be  of  clay, 
and  therefore,  as  already  explained,  a  detailed  investigation  was  not  ma<le. 
Mound  14  had  been  dug  into  for  an  ice-house  vault.  Mr.  J.  W.  Hagar, 
son  of  the  party  who  built  the  ice-house,  and  who  aided  in  the  excava- 
tion, made  the  following  statement  in  reference  to  this  nionnd : 

*'At  a  depth  of  6.J  feet,  near  the  center,  we  found  the  body  of  a  man, 
buried  in  a  sitting  position.  Near  his  head,  on  the  west  side,  was  found 
a  variety  of  articles — a  pointed  flint  arrow  or  spear-head,  from  10  to  12 
inches  long,  3J  to  4  inches  wide,  beautifully  made;  it  was  not  a  double- 
pointed  flint,  but  had  a  groove  for  fasteniug;  three  circular  stones,  half 
an  inch  tliick,  an  mcVi  auil  ^\i\Al  \vi  (^A^xaftX^^^  ^wj^^'^n^  '^^^.Vyjitlv  sides,  a 
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hrougli  the  center,  tlie  niargiu  grooved  like  a  pulley,  (we  called 
I>ulley  stoues,)  with  about  five  small  perforations  from  tlie  center 
!  lUiirgin  of  the  pulley,  in  the  direction  of  tadii,  to  the  opening  in 
mter ;  an  articlo  five  inches  long  made  of  copper  nearly  in  the 
jf  an  awl,  the  large  end  or  handle  very  much  oxidized,  (probably 
,  wooden  handle;)  a  Sat  stone  with  holes;  an  earthen  pot  broken, 
ita  about  one  gallon ;  a  thin  piece  of  copper  one-sixteenth  of  an 
;hick,  irregularly  round,  covered  with  some  woven  fabric  not  un- 
ue  linen.    The  diameter  of  the  disk  of  copper  was  about  three 

)ox  No.  2  is  a  copper  disk,  which  was  found  in  a  low  mound  with  two 
pieci's  similar  in  form  and  size,  by  Mr.  McKenny,  who  states  that 
i-ec  disks  api>eared  to  be  the  ends  and  middle  of  a  "  spool,*"  which 
found  had  on  it  what  appeared  to  be  the  remains  of  a  fine  twine 


rsc  thread     The  mound  from  which  this  copper  titicle  was  taken 
low  one,  XO  feet  m  diameter     Being  m  a  fitlU,  it  was  soon  plowed 
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down  to  its  foundation,  which  was  a  circular  pavement  of  stones.  These 
being  in  the  way,  they  were  dug  out  and  removed.  On  the  north  side 
of  the  jjavement  was  found  a  heap  of  ashes,  and  lying  across  the  pave- 
ment, nearly  in  the  center  of  it,  the  bones  of  an  adult.  No  other  work 
of  art  than  the  disks  was  found.  The  earth  removed  from  the  center 
was  about  18  inches  deep. 

The  mounds  near  Union  town  not  proving  of  sufficient  interest  for  my 
present  purpose,  I  proceeded  to  examine  a  locality  near  the  mouth  of 
Lost  Creek,  opposite  Wabash  Island,  Union  County,  Kentucky.  Dia- 
gram Ko.  5  presents  a  rough  sketch  of  this  remarkable  collection  of 
groups  of  mounds.  When  I  first  examined  this  series  of  mounds  I 
noted  them  roughly  on  a  sketch.  As  my  knowledge  of  their  number 
increased,  and  my  book  being  too  small  to  map  them  on  a  scale,  I 
proceeded  to  measure  the  divStances  between  the  several  mounds,  and 
to  estimat<i  their  height.  I  began  on  the  8th  mound  and  made  the  fol- 
lowing measurements  and  estimates,  from  center  to  center  of  mounds: 

Copy  of  notes. 

8.  Mound  in  field,  5^  f<^et  high,  90  feet  diameter ;  distance  between  8  and  10, 354  feet; 
distance  from  10  to  12,  54  feet. 

12.  Diameter  33  feet.- 

In  the  following  not^s  the  distances  given  is  that  between  two  mounds,  as  for 
example  between  10  and  13 : 

10  and  13,  distance,  54  feet ;  10  is  3  feet  high. 

12  and  13,  distance,  84  feet ;  height  of  12  and  13,  4  feet ;  13  is  40  feet  diameter.   . 

13  and  15,  distance,  120  feet. 

13  and  16,  distance,  159  feet ;  15,  42  feet  diameter ;  16  is  54  foot  diameter. 

16  and  17,  distance,  51  feet ;  diameter  of  17,  36  feet. 

17  and  18,  distance,  81  feet ;  diameter  of  18,  33  feet. 

18  and  19,  distance,  165  feet. 

13  and  14,  distance,  80  feet ;  diameter  of  14,  40  feet ;  18  is  3  feet  high. 

14  and  20,  distance,  54  feet ;  diameter  of  20  is  74  feet;  height  of  20,  7  feet. 
20  and  21,  distance,  71  feet;  diameter  of  21,  33  feet ;  3  feet  high. 

14  and  22,  distance,  75  feet ;  diameter  of  22,  48  feet ;  3  feet  high. 

22  and  23,  distance,  114  feet;  diameter  of  23,  72  feet;  3  feet  high. 

23  and  24,  distance,  09  feet ;  diameter  of  24,  66  feet ;  8  feet  high. 

24  and  25,  distance,  75  feet.  ^ 

25  and  26,  distance,  75  feet ;  mounds  25,  26,  and  27  •  are  3  feet  high ;   diameter  of 
mound  26,  36  feet. 


26  and  27,  distance,  100  feet 

28  and  29,  distance,    50  feet 

29  and  30,  distance,    63  feet 

30  and  31,  distance,    75  feet 

31  and  32,  distance,    45  feet 

32  and  33,  distance,    75  feet 

33  and  34,  distance,  100  feet 
35  from  8,  distance,  800  feet 


diameter  of  27  and  28,  40  feet, 
diameter  33  feet ;  height,  3  feet, 
diameter  33  feet ;  height,  3  feet, 
diameter  33  feet ;  height,  3  feet, 
diameter  20  feet ;  height,  2  feet, 
diameter  33  feet ;  height,  5  feet, 
diameter  33  feet ;  height,  5  feet, 
diameter  80  feet ;  height,  6  feet. 

!No8.  2,  3,  4,  5,  6,  7,  &c.,  are  quite  close  together  on  the  back  of  a 
sharp,  narrow  ridge.  No.  4  is  an  oblong,  rectangular  mound,  about  30 
feet  long,  12  feet  wide  on  top,  8  to  10  feet  high.  Mounds  6,  6,  and 
7  have  been  used  for  burial  places  within  the  last  few  months.    Mounds 
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J2,  23,  and  24  were  partially  examined.  They  did  not  prove  to  be  eom- 
iion  burial-places,  and  were  abandoned  i'or  the  present.  These  mounds 
ire  formed  of  sand,  different  from  that  found  in  the  hills  near  by  and 
that  used  for  the  covering  of  bodies  in  the  common  burial-places.  The 
miaterial  used  appears  to  have  been  taken  from  the  drifts  of  fine  sand 
svashed  by  the  Ohio  River  in  to  .the  overflowed  land. 

The  operations  were  then  carried  on  in  mounds  37,  38,  and  4(5.  I  was 
attracted  to  mound  37  by  stones  standing  near  the  center  of  it.  This 
is  the  onlv  mound  examined  bv  me  in  which  stones  were  used  to  form 
any  portion.  No.  37  is  an  oblong  or  pear-shaped  mound,  the  largest 
part  being  65  feet  diameter ;  the  neck,  42  feet  long.  The  greatest  length 
107  feet  5  greatest  width,  05  feet.  The  scale  of  Diagram  No.  5  is  too 
small  to  exhibit  the  form  or  arrangement  of  the  group  to  which  37  be- 
longs.   It  will  be  better  seen  on  Diagram  No.  6. 

Mound  No.  37  (Diagram 
No.  6)  was  opened  on  the 
northwest  side,  at  a  point 
which  api)eared  to  be  the 
margin  ^of  the  artificial  part 
of  the  hill.  The  discolora- 
tion from  the  leaves  and  de- 
composed vegetable  matter 
penetrated  the  earth  about 
th  ree  feet  deep.  At  the  depth 
of  two  feet  bodies  were  en- 
countered. •  The  earth  was 
wellfhrown  back  and  anojien- 
ing  14  feet  long  and  5  feet 
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dei'p  was  made,  giving  a  face  on  the  side  of  the  ditch  toward  the  mound 
14  feet  long  by  5  feet  deep.  The  bottom  of  the  ditch  appeared  to  be  the 
sul)Soil  of  the  country,  a  stiff  clay.  By  digging  into  this  clay  it  was 
found  to  be  very  stiff,  and  full  of  a  whitish  mold  not  unlike  that  found 
within  the  skulls,  and  ^  the  bottom  of  some  of  the  burial  urns  or  pots. 
During  the  progress  of  the  work  this  clay  wns  found  to  coverall  the  cir- 
cular part  of  the  mound  removed.  (See  Diagram  No.  0,  mound  37.)  In 
contact  with  the  clay  5.J  feet  deep  the  bones  were  very  tender.  When 
near  the  center  of  the  mound  I  had  an  opening  made  into  the  supposed 
subsoil,  and  found  it  to  be  a  coat  of  stiff'  moldy  clay  covering  bodies 
buried  one  above  another  to  the  depth  of  12.J  feet.  At  the  base  of  the 
clay,0  feet  deep,  was  found  an  irregular  pavement  of  limestone,  evidently 
obtained  from  an  outcrop  of  the  ''Carthage  limestone'' occurring  half 
a  mile  to  the  north.  The  same  limestone  forms  the  bed  of  the  Ohio  River 
between  the  Kentucky  shore  and  the  head  of  Wabash  Island,  one  mile 
distant. 

The  margin  of  the  mound  at  6  feet  below  the  summit  and  on  a  line 
with  the  pavement  was  composed  principally  of  small  pieces  of  tluj^'Mwvi. 
26  s 
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rock.  The  pieces  coui posing  the  pavement  varied  in  size  from  20  to  130 
pounds  weight.  Many  of  the  bodies  found  at  the  base  of  the  day  ap^ 
peared  to  have  been  covered  by  shibs  of  the  stone  forming  the  paveuieut 
set  u|)  shmting  toward  tlie  body  with  the  ends  of  opposite  stones  rest 
ing  against  each  otlier,  thus  roofing  the  body  in. 

The  bodies  beneath  the  clay  did  not  api)ear  to  have  been  buried  in  tbe 
order  generally  observed  in  the  mounds  heretofore  examined.  BtMieutli 
the  clay  bed,  to  the  depth  of  G  feet,  the  bodies  were  evidently  buried  by 
covering,  after  having  been  laid  upon  a  cleaned  surface,  with  tlie  sandy 
earth  obtained  from  some  of  the  banks,  marked  a,  b,  c.     (Diagram  No.G.) 

A  large  excavation  was  made  below  the  clay  and  pavement  and  many 
bodies  removed  ;  the  bones  were  quite  tender.  No  works  of  art  were 
found.  The  hole  was  filled  up  and  the  work  carried  across  the  mound 
to  the  depth  of  the  mouldy  clay. 

I  was  particularly  interested  in  the  fact  that  in  this  mound  there  wa^ 
an  absence  of  all  works  of  art  in  the  deep  burials,  and  less  regularity 
and  system  in  the  manner  of  arranging  the  bodies  than  that  observed 
in  the  later  burials  or  the  urn -burying  tribes.  As  in  the  Lindsay  luoand 
the  deeper-placed  bodies  did  not  invariably  lie  on  the  left  side,  and  the 
head  was  sometimes  on  one  side,  sometimes  on  the  other,  sometimes 
thrown  forward  or  backward.  The  mouth  was  frequently  open,  retain- 
ing a  horrible  expression.  No  fragment  of  pottery  or  flint  was  fonnd 
under  the  clay  layer  in  mound  37.  Two  or  three  of  the  skulls  of  the 
deei)  burials  will  be  found  in  barrel  No.  5  shipped  from  Uniontown, 
Kentucky. 

The  burials  above  the  clay  layer  of  this  mound  conform  generally  to 
the  plan  of  those  of  the  Lindsay  mound :  heads  inward,  lying  on  the 
left  side,  &c.  There  do  not  appear  to  have  been  so  many  jwt.s  buried 
as  there  were  bodies.  The  use  of  the  burial  urns  seems  to  have  l)een 
more  frequent  at  the  burials  in  the  Lindsay  and  McCoughtery  monnds 
than  in  this  one.  Some  of  the  last  bodies  placed  in  this  moand  with  an 
urn  were  very  slightly  covered.  Two  bodies  which  were  found  with 
urns  were  covered  from  the  head  to  the  hips  #ith  rough  stone  similar 
in  arrangement  to  those  bodies  alluded  to  which  were  found  under  the 
clay  layer  of  this  mound.  A  few  vases  were  found  entire,  but  the  greater 
number  were  broken.  Some  appeared  to  have  been  bmken  before  they 
were  placed  with  the  dead  body  about  to  be  covered. 

With  some  of  the  bodies,  about  3  feet  below  the  surface,  there 
occurred  a  parcel  of  small,  long,  round  bones.  In  one  of  these  par 
eels  was  a  needle  made  of  bone  and  an  ornament  made  of  the  shell 
of  an  unio,  also  a  pair  of  unio  shell  drops.  The  hurry  and  discomfort 
of  the  work  forbid  a  very  careful  examination  of  the  articles,  or  an 
attempt  to  sketch  any  of  them.  A  single  double-pointed  flint  was  the 
only  article  of  stone  found  in  the  mound,  and  this  not  in  any  apparent 
connection  with,  a  body.     It  appeared  to  have  been   dropi)eil  \\\m 
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the  top  of  the  raonnd,  and  was  found  not  deeper  than  six  inches  below 
the  snifaee.  In  working  southwardly,  toward  the  white-oak,  in  mound 
37,  tlie  end  of  a  discolored  line  of  earth,  3  feet  wide,  was  encountered. 
This  was  carefully  followed  5  feet  deep  to  a  skeleton,  the  head  lying 
toward  the  north,  feet  south.  This  was  evidently  an  interment  made 
in  an  excavated  pit.  Extreme  caution  was  used  in  removing  this  body. 
The  head  was  found  entire.  Xear  tlie  head,  in  the  position  of  the  ears, 
were  found  the  two  copper  bells  packed  in  box  Xo.  3. 

In  making  the  original  excavation  for  the  reception  of  this  body,  at 
least  three  bodies,  or  parts  of  bodies,  had  been  removed,  and  this  body 
placed  as  deep  as  the  third  or  fourth  tier  of  layers,  the  head  resting  on 
the  layer  of  moldy  clay,  so  frequently  referred  to.  There  were  three 
or  four  other  burials  made  by  excavating  in  this  mound,  but  as  nothing 
worthy  of  note  was  found  with  them  they  recpiire  no  special  description. 
The  bones  removed  by  digging  the  graves  referred  to  appear  to  have 
been  carelessly  thrown  into  the  grave  over  the  newly  buried  body,  but 
never  in  immediate  contact  with  it. 

A  considerable  excavation  was  made  into  the  elongated  neck  of  this 
mound.  Urn  burials  extended  down  about  5  feet,  regularly  disposed. 
The  digging  was  carried  9  feet  in  depth,  and  great  irregularity  was  ob- 
served. At  the  depth  of  5J  feet  the  body  of  a  youth  was  found.  The 
skull  and  long  bones  were  sent  in  barrel  0.  This  body  may  be  known 
by  the  base  of  a  deer's  horn  packed  with  the  skull.  The  whole  horn 
was  buried  just  above  the  face,  the  head  slightly  elevated,  directed 
outward,  and  toward  the  tailing  land  or  slope.  Parcels  of  bones  dis- 
connected were  found  buried  in  this  part  of  the  mound,  in  excavations 
which  cut  through  former  burials  ;  heads  disconnected  from  bodies,  loose 
bones,  &c.  Witli  one  of  the  regular  covered  burials,  about  3  feet  deep, 
were  found  some  ornaments  made  of  panther's  (?)  teeth.  Two  or  three 
feet  distant  from  this  body  Avas  found  a  parcel,  in  discolored  earth,  con- 
taining parts  of  a  jaw  with  feline  teeth  and  some  pieces  of  vertebra  of  an 
unknown  animal.  The  number  of  relics  obtained  was  very  small,  when 
the  amount  of  work  don^  in  the  examination  is  considered.  A  considera- 
ble number  of  long  bones  were  preserved  and  packed  in  barrel  No.  o, 
also  one  entire  vertebral  column.  The  material  among  these  bodies  is 
the  same  as  that  in  the  Lindsay  mound,  but  genenUly  the  bones  are  not 
as  well  preserved. 

There  are  several  mounds  in  this  group  of  grander  proportions  than 
No.  37,  which  would  doubtless  i)rove  of  great  interest  if  thoroughly  ex- 
amined— 300  or  400  cubic  yards  carefully  removed  from  some  of  these 
mounds  would  probably  yield  many  valuable  and  interesting  results. 

In  the  group  of  mounds  2,  3,  4,  5,  C,  and  7,  (Diagram  5,)  the  mounds 
5  and  C  are  the  site  of  a  recent  burial-phice. 

Mound  No.  36  (Diagram  No.  6)  was  examined  by  a  ditch  5  feet  wide 
and  18  feet  long,  extending  from  the  south  side  northwardly  beyond 


404  ANCIENT   MOUNDS    IN    UNION    COUNTY,    KENTUCKY. 

tlie  center.  It  proved  to  have  been  a  kitchen,  being  composed  prin- 
cipally of  ashes  of  unio  shells,  broken  pottery,  bones  of  animals, 
&c.  A  small  ax  or  skin-dressing  chisel  was  found  at  the  surface.  The 
fragments  of  pottery  ai)peared  to  be  parts  of  vessels,  difiering  in  form 
from  those  found  in  the  mounds.  The  vessels  were  larger,  thicker,  and 
generally  i)arts  of  shallow  dishes.  The  fragments  of  one  vessel,  resem- 
bling these,  was  found  in  mound  38,  and  one  in  the  neck  of  37.  These 
fragments  are  among  the  articles  from  these  mounds  sent  to  the  Smith- 
sonian. 

Mound  38  (Diagram  No.  C)  was  thoroughly  examined.  It  was  a  low 
mound,  about  4  feet  high  and  15  feet  in  diameter.  Figure  38  (a)  (Dia- 
gram G)  shows  the  amount  of  surface  uncovered  in  this  mound. 

It  appeared  to  have  been  completely  covered  by  two  layers  of  the 
bodies  of  the  vase-burying  people.  On  the  southeast  side  were  found 
three  of  the  stone  burial-places,  of  a  later  period  than  the  vase  burials, 
some  of  the  vases  and  bodies  with  which  they  were  buried  having  been 
removed  to  give  place  for  these  later  structures.  A  trench  from  4  to 
6  feet  wide  had  been  worked  over  through  the  center  of  the  mound, 
from  the  stone  boxes  toward  the  northwest,  disturbing  the  bodies. 

Sometime  this  later  digging  cut  a  previously  buried  body  in  twain, 
leaving  the  head  and  feet  in  place,  the  more  recent  burial  having  been 
made  in  a  line  nearly  at  right  angles  with  the  body  partially  removed. 
This  disturbance  rendered  the  work  very  difficult.  While  tracing  one 
body  longitudinally  another  was  encountered  lying  at  right  angles, 
either  above,  below,  or  cutting  through  the  body  being  traced. 

In  the  luidisturbed  part  of  mound  38  the  bodies  observed  the  arrange- 
ment referred  to  at  the  Lindsay  mound. 

It  was  in  the  disturbed  part  of  mound  No.  38  that  the  two  pipes  were 
found.  I  was  careful  that  the  decomposed  portions  of  the  stone  on  one 
of  the  pipes  should  be  preserved,  for  it  may  possibly  give  some  hint  as 
to  the  length  of  time  these  articles  have  been  buried.  A  small  conical- 
shaped  article  was  found  with  the  body,  and  also  the  black  stone  with 
holes  through  it.  I  have  seen  this  kind  of  an  instrument  used  by  the 
Pah-Utes,  of  Southeastern  Nevada,  for  giving  uniform  size  to  their 
bow-strings. 

A  few  burial  urns  wjth  seven  ears  were  found  in  No.  38.  I  do  not  rec- 
ollect that  any  of  this  form  were  found  in  any  other  mound.  The  bones 
in  mound  38  w  ere  not  so  firm  as  those  found  in  other  mounds.  Many 
bodies  were  disinterred  of  which  bones  were  sufficiently  firm  to  pack  up. 
Barrel  No.  G  contains  the  most  perfect  skulls  from  mound  38.  A  con- 
siderable number  of  long  bones  from  this  mound  will  be  found  in  ban-el 
No.  7.  I  omitted  to  mention  an  article  found  in  mound  37,  circular  in 
form,  apparently  formed  of  bone. 

With  the  exception  of  the  copper  bells  all  the  articles  found  and  for- 
warded to  the  Institution  are  of  the  rudest  form  and  evidently  the  pro- 
duct of  a  primitive  people.    The  fact  of  the  bells  having  been  found  iu 
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a  dug  burial-place  indicates  a  later  burial  and  a  race  of  different  habits. 
I  have  no  hypothesis  as  to  the  time  these  mounds  were  made.  They 
do  not  appear  to  have  been  constructed  by  a  warlike  race.  Only  two 
bodies,  of  about  1,000,  that  I  have  encountered  seem  to  have  been 
buried  with  anything  like  arms. 

To  one  who  has  made  a  study  of  the  mound-builders,  the  groups  of 
mounds  (Diagram  5)  would  offer  great  inducements  for  investigation. 

I  have  observed  some  remarkable  facts  in  reference  to  the  mounds, 
but  they  are  too  few  in  number  and  too  disconnected  to  form  a  good 
foundation  for  a  true  theory  of  the  life  and  condition  of  the  mound- 
builders  of  this  district.  A  careful  examination  of  the  cranica  by  a 
competent  person  will  perhaps  throw  some  light  on  the  intellectual  con- 
dition of  this  people. 

This  report  is  hastily  written  from  my  notes  made  in  the  field.  It  may 
serve,  however,  as  part  of  the  basis  of  a  regular  work,  to  be  prepared 
by  some  properly  qualified  person  who  may  have  the  results  of  this  inves- 
tigation before  him.  In  my  examination  of  the  mounds  I  was  compelled 
to  pack  away  the  articles  collected  as  fast  as  they  came  to  hand,  the  sun 
affecting  the  bones  injuriously. 

To  any  one  who  may  continue  this  work  I  would  recommend  the 
months  of  September  and  October,  with  tents,  and  all  such  con- 
veniences as  will  enable  the  party  to  make  full  notes.  Let  the  laborers 
be  hired  for  the  trip,  and  informed  as  to  what  they  are  to  do  and 
how  they  are  to  do  it.  Many  crania  and  burial- vases  in  good  con- 
dition when  reached,  were  broken  by  the  haste,  awkwardness,  or 
carelessness  of  the  men.  With  proper  preparation  and  careful,  indus- 
trious laborers,  important  results  may  be  expected. 

Probably  many  of  the  articles,  especially  the  bones  sent,  Tvill  be  thrown 
out  as  useless.  Some  of  the  bones  were  packed  up  and  forwarded  to 
show  how  much  they  were  decayed.  Many  long  bones  were  sent  to  de- 
termine the  stature  of  these  people.  It  was  a  common  remark  during 
the  work  that  the  bones  were  of  very  large  size.  I  think  the  men  were 
generally  under  size — not  so  large  as  the  men  of  this  age. 

A  considerable  number  of  ribs  were  taken  from  the  Lindsay  mound 
under  the  imx)ression  that  they  indicated  bodies  less  round  than  the 
present  races.  This  question  I  am  not  able  to  answer ;  but  1  have,  on 
much  reflection,  concluded  that  the  peculiar  form  of  these  ribs  is  in  a 
great  measure  due  to  the  pressure  of  the  earth  on  the  bodies. 

In  unpacking  the  bones  sent  I  would  recommend  that  each  parcel  as  it 
is  opened  be  washed  and  dipped  in  weak  glue,  when  dry,  that  each  bone, 
intended  for  preservation,  receive  a  thin  coat  of  the  best  copal  varnish. 
This  was  the  treatment  I  gave  to  the  bones  sent  to  the  Institution  in 
1850,  taken  from  the  Robinson  mound. 


SKETCH  OF  AXCIEXT  EiRTHWOUKS  OX  THE  IPPEU  MISSOURI. 


Bv  A.  Barkaxdt,  C.  E.,  of  Sioux  City. 


The  archaeological  remains  of  the  Upper  Missouri,  from  the  mouth  of 
the  Yellowstone,  in  a  southeasterly  direction  as  far  down  as  Bonhomine 
Island  below  Fort  Randall,  exhibit  a  progressive  change  of  structure 
and  outline  from  the  most  simple  to  the  most  complicat(;d.  During  my 
stay  in  that  region,  1800- 70,  I  had  occasion  to  visit  sevc^rai  of  tho.se 
ancient  fortifications.  Among  the  most  important  and  well  i)reserve(i 
is  one  existing  about  nine  mik»s  south-southeast  of  the  Missouri 
and  within  half  a  mile  of  Clark's  Creek,  Dakota.  The  main  work  is 
in  the  Ibrm  of  a  parallelogram,  three  hundred  and  forty  feet  long,  oue 
hundred  and  ninety  feet  wide,  and  twenty  and  twenty -five  feet  high; 
the  walls  are,  on  an  average,  seven  feet  thick  at  the  summit.  There  are 
tv»  o  openings,  one  facing  the  west,  twenty-four  feet  wide,  and  the  other 
facing  south,  only  nine  feet  wide.  The  s[)ace  inside  is  now  full  of  cotton- 
wood  and  ash  trees.  Several  large  block*  of  sandstone,  roughly  hewn, 
were  found,  but  the  walls  and  a  ruined  portion  of  what  appeared  to  be 
the  remains  of  a  smaller  inclosure,  were  of  calcined  clay,  changed  by 
burning  into  a  brick  color.  Following  the  banks  of  the  creek  for 
half  a  mile,  we  came  to  the  remains  of  a  wall  of  about  live  feet  in  width 
and  in  some  places  attaining  the  height  of  from  three  to  five  feet.  We 
traced  the  wall  for  about  four  hundred  yards;  it  runs  for  about  one 
hundred  and  fifty  yards  from  east  to  west,  then  turning  at  right  angles 
from  north  to  south,  the  end  of  w  hicli  reaches  the  edge  of  a  deep  and 
precii)itous  ravine,  beyond  which  we  could  not  find  any  traces  of  ruius. 

About  two  hundred  and  fifty  miles  up  the  Bighorn  Kiver  we  found 
also  another  large  mass  of  ruins,  where  was  probably  the  site  of  a  large 
mound  city,  but  none  are  now  existing;  they  have  all  crumbled  away, 
and  from  a  large  oak  tree  that  we  felled,  I  found  that  they  must  have 
occupied  this  spot  at  least  six  hundred  years  ago,  a^s  the  tree  grew  on 
the  remains  of  what  had  been  probably  the  largest  mound.  We  found 
that  these  mounds  had,  for  the  most  jiart,  been  constructed  of  turf  and 
adobe  or  sun-dried  bricks  of  inferior  manufacture,  which  accounts  for 
their  decay. 

Another  curious  spot  that  I  visited  was  w  hat  the  Indians  of  the  pres- 
ent time  call  Matou-tipee,  (Bear-house.)  It  is  a  large  mound  constructed 
of  calcinated  clay,  which  by  burning  was  changed  into  a  brick  color. 
It  is  situated  near  Grand  River  on  a  high  elevation  of  land ;  it  is  encir- 
cled by  the  remains  of  a  wall ;  one  portion  running  from  east  to  west 
and  then  down  a  hoWow  •,  t\xiw\A\^  ^t*  ^  \\^Vit  ^w^le^  \t  ijuxva  from  north  to 
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south,  the  ends  reaching:  the  banks  of  1  he  creek.  Within  the  area  of  these 
remains  of  gi«2;antic  walls  we  found  several  small  mounds  of  from  twenty 
to  forty  feet  in  circumference,  and  from  ten  to  fifteen  feet  hi^h. 

Further  up  the  Yellowstone  I  found  the  remanis  of  an  ancient  city  of 
mounds.  It  is  situated  aboaf  one  hundred  ami  forty  miles  froju  the  mouth 
of  that  river,  on  a  bluff  of  about  one  hundred  and  eighty  feet  in  height. 
It  seems  to  have  been  regularly  laid  out.  The  streets  are  regular,  and 
the  mounds  equidistant  from  each  other.  In  the  southeast  quarter  of 
this  city,  on  the  widest  of  the  streets,  is  one  of  colossal  dimensions, sixty- 
tliree  feet  in  diameter  at  the  summit,  and  twenty-seven  feet  high. 

We  could  not  find  any  opening  in  this  mound,  but  succeeded  by  diggin<»' 
into  several  of  the  smaller  ones  to  gather  remains  of  some  sun-dried 
pottery ;  and  in  one  we  also  found  several  arrow-heads  of  stone,  frag- 
ments of  fiint,  &c.  I  counted  these  mounds,  and  found  eighty-seven  in 
good  state  of  preservation,  and  about  sixty -three  in  ruins.  I  am  satis- 
tied  that  the  remains  of  the  elongated  mounds,  which  are  found  always: 
on  the  outskirts  of  a  city,  were  designed  and  used  for  fortifications, 
though  1  have  not  bc^en  able  to  determine  if  there  were  any  ditches 
around  them.  Again,  on  the  banks  of  the  Moreau  river,  a  few  miles 
from  its  mouth,  we  discovered  another  of  the  mound  cities,  containing 
about  two  hundred  mounds,  and  a  number  of  the  elongated  ones,  which 
form  a  regular  line  of  outworks,  each  wing  reaching  the  bank  of  the 
river.  Again,  about  two  and  a  half  miles  further  back  to  the  north 
upon  an  elevation  of  the  ground  there  is  a  grouj)  of  the  largest  mounds 
I  have  ever  seen.  They  are  built  very  near  together,  and  are  perfect  in 
their  form.  There  are  no  ditches  at  their  base,  and  they  are  wanting  in 
other  appearance  of  fortifications.  Yet  I  believe  them  to  have  been 
used  as  forts,  and  that  they  were  placed  here  to  guard  the  approaches 
to  the  town  from  this  direction. 

There  is  still  another  group  of  mounds  located  on  the  banks  of  the 
Great  Cheyenne ;  these  resemble  those  last  described — not  so  large,  but 
more  in  number. 

On  Bonhomme  Island  there  are  also  remains  of  fortifications,  which  are 
described  in  Lewis  and  Clarke's  journal  of  their  expedition  up  the  Mis 
souri,  18(»4-'o-'G. 

This  hasty  sketch  of  some  of  the  ancient  remains  in  the  Missouri 
Valley,  though  the  result  of  the  observations  of  two  years,  is  principally 
drawn  from  the  hasty  entries  in  a  diary ;  therefore  no  pretensions  are 
made  to  minute  exactness.  As,  however,  the  preservation  of  a  record 
of  the  sites  of  the  ancient  remaiuvS,  and  every  fact  connected  with  it,  is 
important  to  the  student  of  archaiology,  this  sketch,  brief  and  imper- 
fect as  it  is,  may  afford  some  data  of  interest  in  regard  to  the  character 
of  the  race  of  men  who  once  thickly  peopled  this  country. 


ACCOUNT  OF  ABORIGINAL  RUINS  AT  SATAN  NAH.  TENNE88BS. 


By  J.  Parish  Steli^. 


These  ruins  occupy  high  rolling  ground,  on  the  east  side  of  Tennessee 
Kiver,  immediately  on  the  west  edge  of  the  town  of  Savannah,  Tenoes- 
see.  North  and  south  they  measure,  from  outer  earth- works  to  outer 
earth- works,  thirteen  hundred  and  eighty-five  yards,  and  east  and  west, 
five  hundred  and  fifty  yards.  The  inner  line  of  earth-works  is  dis- 
tinctly traceable,  and  consists  of  an  embankment  thrown  up  inside  from 
a  deep  trench,  twelve  or  fourteen  feet  in  width.  At  every  eighty  yards 
there  is  a  redoubt,  each  one  extending  outward  twenty  yards,  excepting 
those  at  the  angles,  which  project  thirty. 
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The  outer  line  of  earthworks  appears  to  have  been  much  lighter.  At 
some  points  it  is  still  visible,  while  at  others,  especially  on  cultivated 
grounds,  it  has  entirely  disappeared.  In  the  diagram  the  oblitel-ated 
parts  are  represented  by  dotted  lines,  and  the  distinct  portions  by  con- 
tinuous lines.  The  outer  works  are  fifty-five  yards  from  the  inner,  and 
parallel  with  them.  They  also  have  regular  redoubts  eighty  yards 
apart ;  but  the  redoubts  are  longer  than  those  of  the  inner  works, 
measuring  forty  yards  along  the  line,  and  fifty -five  yards  at  the  angles. 
The  two  lines  are  so  arranged  that  the  redoubts  of  one  generally  alter- 
nate with  those  of  the  other. 

The  earth  in  which  these  trenches  have  been  dug  is  a  tough  red  clay, 
intermixed  with  gravel,  exceedingly  hard  to  excavate.  In  fact,  the  en- 
tire elevation  upon  which  the  ruins  lie  is  composed  of  the.same  mate- 
rial, down  almost  to  low-water  mark  of  the  river,  where  a  deposit  of 
limestone  begins. 

The  relative  position  of  the  mounds  have  been  located  on  the  diagram 
by  careful  measurement. 

Mound  A:  Ten  feet  high,  forty  yards  east  and  west,  and  sixty  yards 
north  Jind  south.  I  made  a  large  excavation  in  the  highest  part  of  it, 
going  down  in  shape  somewhat  as  shown  by  the  dotted  line.  At  the 
depth  of  a  foot  and  a  half  we  came  upon  a  human  skeleton,  lying  on  its 
back,  with  the  head  to  the  south.  The  bones  were  so  decayed  that  but 
few  could  be  taken  out.  At  the  left  side  of  the  head  was  a  vase,  con- 
taining the  remains  of  a  shell.  The  root  of  a  tree  had  grown  agjiinst 
and  broken  the  vase,  but  I  took  out  all  that  could  be  found.  At  the 
right  of  the  skeleton,  about  where  the  hand  should  have  been,  if  the 
arm  lay  at  the  side,  were  found  three  flint  implements — knives,  I  sup- 
pose— and  a  small  polished  stone  that  had  probably  been  used  for  paint- 
ing i)urposes.  Nothing  more  was  found  in  this  mound.  We  dug  down 
to  the  solid  earth  in  two  places,  as  shown  by  the  dotted  lines.  The 
mound  was  composed  of  a  soft  alluvial  soil,  evidently  brought  from  the 
river  bottom,  about  two  hundred  yards  distant,  and  down  a  steep  hill. 

Mound  B  :  A  small  one,  into  which  we  made  a  large  opening  in  the 
center,  and  at  one  foot  down  obtained  a  stone  implement,  which  was  the 
only  article  found.  The  composition  of  this  mound  was  the  same  as  that 
of  A. 

Mound  C  :  Double  mound,  four  feet  high.  Into  this  we  went  down  to 
solid  earth  in  two  places,  but  found  nothing,  except  some  bits  of  char- 
coal and  other  evidences  of  there  having  been  fire  at  several  points. 
It  was  made  up  of  alluvial  soil,  the  same  as  A. 

Mound  D  :  Has  a  house  upon  it,  and  therefore  could  not  be  opened. 

Mound  E  :  Small  mound  in  the  garden,  with  a  large  tree  upon  it.  I 
did  not  open  it. 

Mound  F :  Double  mound,  seventy  yards  long,  forty  yards  wide  at 
widest  point,  and  twelve  feet  high.  We  dug  down  to  solid  ground  by 
two  large  excavations  started  at  the  highest  points.    Within  three  feet 
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of  the  surface,  in  the  excavation,  fragnjents  of  pottery  utensils  wen- 
found.  Xothing  further  was  discovered.  These  mounds,  nnhke  the 
preceding,  were  coin.posed  of  the  ton^j^h  clay  and  gravel  of  the  rid;^ 
upon  which  they  stood.  A  depression  near  at  hand  showed  where  tlie 
material  had  been  obtained. 

Mound  G  :  Forty-five  yards  in  diameter  at  base,  and  twelve  feetbigii. 
Two  lar^e  white-oak  {Quercus  alba)  trees  were  upon  it.  In  one,  which 
had  been  cut  down,  two  hundred  and  fifteen  rings  wore  counted,  niak 
ing  it  two  hundred  and  fifteen  years  old.  We  dug  a  large  circular 
excavation  in  the  center  on  the  top.  The  earth  at  the  surface  giive 
indications  of  having  been  intensely  heated.  At  two  feet  down  we 
came  upon  a  human  skeleton  lying  on  its  back,  with  the  hands  at  the 
sides,  and  the  head  toward  the  east ;  the  bones  badly  decayed.  At 
three  and  a  half  feet  we  found  another  skeleton,  lying  precisely  the 
same  as  the  first,  and  immediately  under  it.  At  five  feet  we  came 
to  loose  stones  lying  upon  one  another,  and  rounded  up  inonml 
shaped,  which  we  removed,  to  the  amount  of  several  tons,  when  the 
solid  earth  was  reached,  and  a  skeleton  was  found  lying  exactly  as  the 
others,  bat  further  east,  the  feet  of  this  one  being  irameiliately  umler 
the  heads  of  the  other  two.  The  stones  seemed  to  liave  been  thrown 
directly  upon  the  body ;  consequently  most  of  the  bones  were  more  or 
less  broken.  The  skull  was  crushed  entirely  flat.  At  the  left  side  of 
the  head  were  found  three  copper  relics,  lying  just  as  I  have  tiiMl  them 
together.  The  string  still  to  be  seen  in  one  of  them  is  made,  1  think, 
from  the  bark  of  papaw,  {Asimina  triloba^  Dunal,)  a  circumstance  worthy 
of  note,  as  it  proves  that  material  to  be  almost  imperishable.  Modem 
Indians  used  it  extensively  for  strings  and  ropes,  ainl  I  can  recollect 
when  our  southern  and  western  peo])le  did  the  same.  It  was  ])repanHi 
by  peeling  the  bark  from  the  trees  when  the  sap  was  up,  and  sinking  it 
under  water,  to  remain  several  weeks,  to  ''  rot,"  as  it  was  called.  When 
taken  out  the  inner  separated  from  the  outer  bark,  and  si)lit  up  into 
very  thin  sheets.  It  was  these  sheets  that  were  used,  and  after  having 
gone  through  this  process  they  were  much  stronger  than  the  entire  hark 
was  before.  1  send  you  a  slip  of  ''  rotted  papaw  bark."  Immediately 
upon  the  breast  of  the  third  skeleton  was  found  the  fragments  of  a  shell 
ornament.  Nothing  further  was  discovered  m  ^'  G,'"  though  we  made 
careful  and  extensive  search.  The  composition  of  the  mound,  aside 
from  the  stones  already  mentioned,  was  light  surface  soil,  which  sei^med 
to  have  been  scraped  up  from  the  high  lands. 

Mound  H :  A  large  mound,  ten  feet  high.  It  is  under  cultivation, 
and  therefore  cannot  be  opened  before  autumn. 

Mound  I :  Has  a  house  upon  it,  and  therefore  no  examlDation  could 
be  made. 

Mound  J :  Is  the  largest  mound  in  the  group.  It  is  over  one  hundred 
yards  in  diameter  at  the  base,  thirty  feet  high,  and  perfectly  level  on 
the  top.    We  rigged  a  windlass,  and  sunk  an  eight-foot  shaft  in  the 
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center,  down  to  the  solid  eartb,  but  fouud  notbinjs:,  oxcei)t  now  and  then 
a  broken  flint  or  fragment  of  pottery.  We  llien  dug  in  ILe  sides,  per- 
mitting tlie  eartb  to  fall  into  tbe  sbaft,  until  we  bad  a  large  exc^avalion, 
in  tbe  sbape  represented  on  tbe  diagram,  but  still  found  notbing.  We 
next  made  excavations  twelve  feet  deep,  at  various  points,  but  discovered 
notbing  in  any  of  tliem,  exeept  in  One.  Dere,  witbin  a  few  incbes 
of  tbe  surface,  we  came  upon  broken  fragments  of  brick,  or  burned 
eartb,  exhibiting  some  kind  of  molded  work.  Tbey  were  in  <onsider- 
able  quantities,  and  looked  as  if  tbey  might  originally  bave  bicn  hollow 
columns.  If  solid  columns,  tbe  fragments  would  certainly  have  been 
larger;  the  specimens  sent  are  of  average  size.  Immediately  under 
these,  about  one  foot  below  tbe  surface,  was  what  might  be  styled  a  tile 
floor,  perfectly'  level  and  smooth.  We  removed  tbe  eartb,  and  found  it 
to  be  somewhat  crescent-shaped,  covering  a  space  of  forty- four  feet  one 
way,  and  sixteen  tbe  other.  How  much  larger  it  had  been  we  could 
not  learn,  for  roots  bad  grown  into  it  and  broken  it  up.  The  tiling,  if 
such  it  can  be  called,  was  about  an  inch  thick,  and  seemed  to  have 
been  made  by  spreading  tempered  clay  smoothly  upon  a  leveled  space 
of  eartb  and  then  hardening  by  means  of  fire  built  on  top  of  it.  There 
were  no  seams  to  indicate  that  it  bad  been  made  otherwise  and  laid 
down  in  sectioUvS.  Nothing  else  was  found,  except  some  charcoal  around 
tbe  edges. 

Like  F,  this  large  central  mound  was  composed  of  tough  clay  and  gravel, 
making  it  very  hard  to  dig.  Within  a  short  distance  were  three  great 
depressions,  from  which  tbe  eartb  of  which  it  was  formed  bad  evidently 
been  taken. 

Mound  K :  A  low  mound,  eighty  yards  in  diameter  at  the  base.  We 
op<»ned  it  in  various  places,  as  shown  in  tbe  drawing.  Six  feet  in  tbe 
center  brought  us  to  the  bottom,  eighteen  inches  of  which  was  com- 
posed of  a  soft,  biack  earth,  in  ^bicJi  were  fouud  bones,  deer  horns, 
shells,  fragments  of  pottery,  &c.  In  this  deposit  we  also  fouud  two 
stone  implements,  probably  used  for  pounding  corn,  opening  sbell-tisb, 
or  something  of  tbe  kind. 

Mound  L  is  similar  to  K  in  every  respect.  In  addition  to  tlie  usual 
melange  of  black  earth,  bones,  sbt^lls,  &c.,  we  found  one  ])ounder  and 
two  pieces  of  red  stone,  which,  I  sup[)ose,  had  been  used  for  painting. 
We  also  found  one  flint  knife.  Persons  not  familiar  with  such  relics 
might  mistake  these  knives  for  arrow  or  si)ear  beads,  from  which  tbey 
dift'er  in  not  having  notches  worked  in  the  large  end  for  the  purpose  of 
attaching  them  to  a  shaft. 

Mound  M :  Thirty  yards  across  at  base,  and  five  feet  high.  At  two 
feet  down  we  came  upon  a  fossil  shell  and  a  beautifully-finished  little 
stone;  I  call  it  a  paint  mortar.  There  was  no  sign  of  bones,  which 
leads  to  the  supposition  that  these  articles  were  simply  buried  there  for 
safe-keeping.  At  four  feet  down  we  found  a  large  and  splendid  stone 
implement.    It  was  lying  near  one  side  of  the  mound,  and  ajipeared  to 
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liave  been  lost  there,  as  there  were  no  visible  marks  of  any  thing  farther. 
Nothing  more  was  found  in  this  mound.  The  composition,  light  soil,  as 
usual,  shows  that  it  had  been  gathered  from  the  surface. 

Mound  N :  Fifteen  yards  across,  and  three  feet  high.  Two  feet  down 
we  found  a  broken  stone  implement,  which  was  the  only  article  obtained. 
The  composition  of  the  mound  was  the  same  as  M. 

Mound  O :  A  double  mound,  forty  by  seventy  yards  at  base  of  largest 
end,  and  eight  feet  high.    We  excavated  at  three  points,  and  found  two 
to  be  of  no  interest  whatever.    The  third  one,  at  the  large  end  of  the 
mound,  proved  otherwise.    We  started  down  through  red  and  crumbly 
earth,  indicating  that  it  had  been  exposed  to  high  heat.     The  deeper  we 
went  the  stronger  the  indications  of  fire  became,  until  finally,  when  three 
feet  below  the  surface,  we  came  to  a  bed  of  charcoal,  or  rather  what 
proved  to  be  a  charred  log  lying  horizontally.     W^e  opened  the  mound 
thoroughly,  and  found  that  it  had  three  furnaces  passing  in  at  the  base 
of  the  lower  side,  (the  mound  is  on  inclined  ground,)  and  running  par- 
allel, about  six  feet  apart,  almost  entirely  through  to  the  base  of  the 
higher  side ;  that  is,  ranging  upward  through  the  mound  at  the  angle 
of  the  surface  of  the  solid  ground  ui)on  which  the  mound  stood.    They 
had  been  formed  by  first  digging  trenches  into  the  earth,  two  feet  wide 
and  eighteen  inches  deep.    Over  these,  rude  arches  had  been  thrown, 
formed  of  irregular  masses  of  tem j)ered  clay,  probably  sun-dried.    Some 
of  these  masses  we  took  out  entire.    They  are  about  as  large  as  a  man 
could  handle  conveniently,  and  having  been  immediately  in  contact 
w  ith  the  fire,  are  burned  very  hard. 

In  the  spaces  formed  between  these  furnace  trenches,  and  near  the 
center  of  the  mound,  were  found  two  small  piles  of  human  bones,  (one 
pile  in  each  space,)  which  seemed  to  have  been  thrown  together  without 
regard  to  regularity.  I  do  not  think  there  could  have  been  more  than 
about  two  skeletons  in  Ciich  pile.  They  were  completely  charred  by  the 
heat  from  the  furnaces,  and  consequently  were  very  tender  to  handle. 
On  drying  out  they  became  much  harder.  From  the  three  main  fur 
nace  trenches  went  up  a  large  number  of  small  flues,  eight  or  ten  inches 
in  diameter,  whose  walls  had  also  been  formed  of  tempered  clay,  and 
were  now  burned  very  hard.  At  some  points  they  rose  directly  toward 
the  surface  of  the  mound,  while  from  others  they  wound  and  twisted 
about  through  it  in  various  directions,  all  skillfully  planned  with  a  view 
to  conveying  the  heat  to  all  parts  of  the  pile. 

Running  through  the  mound  horizontidly,  at  different  elevations, 
were  large  logs  still  retaining  their  entire  shape,  but  completely  charred. 
We  traced  one  from  end  to  end,  eighteen  incrbes  in  diameter  and  tweu 
ty-two  feet  long.  The  ends  showed  that  they  had  been  burned  oft*  to 
make  the  piece  the  desired  length,  and  their  great  irregularity  of  out- 
line led  me  to  think  that  the  operation  had  been  performed  while  the 
log  was  yet  green,  and  retained  its  sap.  The  burning  bad  evidently 
been  forced  by  pla^mg  dry  ^\ee.e-^  of  \<7ood  across  the  log  and  keeping 
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them  carefully  '^chunked  up,''  aud  the  irregularities  were  due  to  the 
dififerent  positious  of  the  cross-pieces ;  the  log,  in  consequence  of  being 
green,  having  imiuediately  ceased  to  burn  when  there  was  no  direct 
contact. 

In  addition  to  these  charred  logs  there  were  a  number  of  upright 
post^*,  also  charred,  which  seemed  to  have  been  placed  in  position  as  the 
earth  bad  been  filled  in,  to  prevent  too  great  a  pressure  upon  the  lines. 
Some  of  them  were  more  than  a  foot  in  diameter  and  five  or  six  feet 
long.  Their  ends  presented  the  stime  irregular  outline  as  the  hori- 
zontal  pie(;es.  I  found  one  piece  of  split  timber  four  feet  long,  eight 
inches  wide,  and  two  inches  thick.  Its  ends  showed  that  it  had  been 
broken  to  its  existing  length  by  main  force,  for,  although  a  solid  coal, 
the  splinters  were  yet  perfect. 

I  saw  nothing  about  any  of  these  timbers  that  indicated  their  having 
been  worked  by  other  means  than  fire,  and  if  there  had  been  anything 
I  would  certainly  have  noticed  it,  for  they  were  entire,  just  as  they  had 
been  placed  in  the  mound,  merely  large,  solid  coals.  The  coal  was  in 
as  good  a  state  of  preservation  as  if  burned  but  yesterday,  as  you  will 
see  by  the  specimen  sent.  Two  of  our  blacksmiths  have  examined  these 
specimens.  Both  agree  that  one  kind  is  chestnut,  (Castanca  vesca,  Linn.,) 
but  differ  with  reference  to  the  other — one  claiming  that  it  is  poplar, 
[Liriodendron  tulipi/era^  Linn.,)  while  the  other  pronounces  it  our  yellow 
pine,  (Phius  rigida^  Miller.)  The  two  former  trees  grow  abundantly 
about  the  locality  of  the  ruins,  but  the  pine  has  not  grown  nearer  than 
four  or  five  miles  since  the  country  has  been  known  to  white  people. 

Every  part  of  the  large  end  of  this  mound,  from  base  to  top,  had 
been  affected  by  the  heat  from  the  furnaces  and  flues,  in  fact,  it  was 
one  huge  brick,  hard  burned  near  the  base,  and  softer  toward  the  top. 
The  earth  seemed  to  have  been  thrown  up  loose;  none  of  it  had  been 
tempered  except  that  forming  the  arch  of  the  furnaces  and  the  walls  of 
the  flues.  There  were  no  fragments  of  pottery,  or  dross,  or  cinders,  or 
anything  else  upon  which  a  hypothesis  could  be  based  touching  the 
object  for  which  the  mound  had  been  used.  Ashes  in  the  furnaces, 
bones,  burned  earth,  and  charred  timbers,  as  already  mentioned,  were 
the  only  things  found  after  a  most  careful  and  exhaustive  examination. 

Mound  P :  This  mound,  about  fifteen  yards  across  and  four  i'eet  high, 
was  opened  by  curiosity-seekers  two  years  ago.  Keport  says  they  found 
nine  copper  spools  like  those  taken  from  G,  a  copper  wedge,  and  a  stone 
paint  mortar,  as  I  call  it  in  default  of  a  better  name.  After  diligent 
inquiry  among  the  people  interested  in  the  digging,  I  have  succeeded  in 
obtaining  the  "wedge,"  the  mortar,  and  part  of  one  of  the  spools.  The 
discoloration  in  the  concaves  of  tlie  mortar  is  due  to  something  put  into 
it  since  it  was  found — indelible  ink,  (nitrate  of  silver,)  I  think.  The 
markings  around  the  edge  were  the  same  when  found. 

The  parties  who  did  the  digging  assure  me  that  they  saw  no  bones, 
but  I  think  they  must  have  overlooked  them,  for  on  opening  the  mound 


414  ABORIGINAL   RUINS   IN   TENNESSEE. 

more  tlioronghly  I  found  fragments  of  a  hninan  skull,  but  no  otber 
bones.  These  lay  near  tbe  edge  of  their  opening;  hence  I  conclude  that 
they  must  have  taken  the  skeleton  out.  I  also  found,  lower  down,  three 
fragments  of  stone  implements.  The  composition  of  the  mound  vas 
surface  soil,  as  usual. 

Mound  Q :  Twenty  yards  across  at  base,  and  nine  feet  high.  At 
eighteen  inches  down  we  came  upon  a  bed  of  coals  and  burned  earth, 
evidently  where  a  large  fire  had  been.  At  three  feet,  in  what  apjiearnl 
to  be  a  deposit  of  ashes,  we  found  a  copper  relic;  at  four  feet,  1} in;: 
alone  in  the  yellow  earth,  a  stone  implement;  at  four  and  a  half  feet, 
what  seems  to  be  a  copper  plate  attached  to  a  fragment  of  mattiiij::  at 
six  fe^t,  a  se(!ond  stone  implement  like  the  first ;  at  eight  feet,  lyiu: 
immediately  together,  three  pieces  of  lead  ore;  and  at  nine  feet, ou the 
solid  earth,  a  small  string  of  copper  beads. 

There  were  no  bones  or  other  things  in  this  mound  indicating  that  it 
had  been  used  as  a  burial-place.  All  the  articles  found,  except  theeoj^ 
per  wheel,  lay  immediately  in  the  yellow  earth,  and  there  were  no  dis- 
colorations  in  the  adjoining  soil,  which  must  have  been  the  case  bad 
perishable  articles  been  buried  with  them. 

I  think  you  will  find  the  beads  are  held  together  by  the  same  imper- 
ishable material  to  be  seen  in  the  copper  relics  found  in  G. 


SHELL  BEDS. 

There  are  two  extensive  shell  beds  in  connection  with  these  ruins, 
one  ou  each  side  of  the  river.  That  on  the  eastern  side  lia.s  l^een  under 
cultivation  for  years,  and  lying  immediately  upon  the  surface  it  is  not 
in  so  good  a  condition  as  it  would  otherwise  have  been.  It  covers  ahoat 
half  an  acre  of  ground,  and  is  some  eighteen  inches  in  thickness.  I 
explored  it  pretty  thoroughly  before  this  season's  crop  was  put  in,  and 
in  the  collection  marked  "R"  you  will  find  the  result,  together  with 
some  of  the  shells  composing  the  mass. 

The  bed  on  the  west  side  of  the  river  was  entirely  undisturbed  until 
I  examined  it.  It  covers  a  little  less  than  half  an  acre,  is  about  two 
feet  in  thickness,  and  lies  three  feet  below  the  surface ;  that  is,  tbe 
overflows  of  the  river  have  made  a  sedimentary  deposit  upon  the  shell 
bed  three  feet  thick.  Taking  into  consideration  that  this  river  seldom 
overflows  oftener  than  once  in  a  year,  and  sometimes  but  once  in  several 
years,  that  its  waters  are  not  then  as  muddy  as  most  other  rivers  at 
such  times,  and  that  Ix'ing  a  mountain  stream  it  soon  subsides,  wecau 
form  at  least  some  idea  of  the  age  of  this  shell  bed.  In  addition  to 
this,  I  may  say  there  is  now  growing  upon  it  a  burr-oak  tree,  (Quennt 
macrocarpay  Michx.,)  fully  six  feet  in  diameter. 

I  explored  this  bed  carefully,  and  you  will  find  an  assortment  of  what 
I  obtained  in  the  collection  marked  '*S,"  together  with  specimens  of  the 
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shells.  The  broken  pottery  was  in  ^reat  abnndance,  and  seems  to  have 
been  broken  vessels  thrown  away  with  the  shells  and  other  refuse.  The 
same  shell-iish  are  now  to  be  met  with  in  the  river,  but  they  do  not 
seem  to  be  in  great  abundance,  judging  from  what  are  found  along  the 
shore.  It  is  possible  that  they  are  more  plentiful  at  the  bottom  of  tlie 
river,  however,  and  that  these  ^'old-time  people"  had  some  way  of 
dredging  them  up. 

The  river  is  wearing  the  bank  away  where  the  bed  crops  out;  conse- 
quently 1  had  a  very  good  opportunity  of  noting  its  position.  It  lies 
perfectl.y  horizontal,  and,  for  some  distance  up  and  down  the  river  on 
either  side  of  it,  the  caving  bank  is  literally-  dotted  with  places  where 
fires  seem  to  have  burned  for  a  long  time ;  the  earth  is  burned  hard 
and  to  redness,  and  ashes  and  coals  are  there.  In  digging  out  the 
places  I  found  several  with  three  stones  in  the  center  still  occupying  tii- 
angular  positions,  as  if  arranged  for  the  puri)ose  of  supporting  cooking 
utensils  above  the  fire.  These  fires  were  generally  on  a  level  with  the 
bottom  of  the  shell  bed. 
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By  J.  I^ARisn  Stellk. 


These  ruins  occupy  a  set  of  ridges  ruuuing  toward  the  bottom  lands 
of  the  Tennessee  Kiver,  about  two  miles  below  Savannab.  The  fronts 
of  the  ridges  terminate  in  steep  bluffs  rising  fifty  feet  above  the  level  of 
the  bottom.  Along  the  foot  of  the  bluffs  there  is  a  series  of  springs, 
spreading  and  forming  swampy  lands,  and  through  these  lauds,  also  at 
the  foot  of  the  bluffs,  runs  a  line  of  earthworks,  made  precisely  on  the 
plan  of  the  earthworks  in  the  Savannah  ruins,  with  the  exception  that 
there  is  but  one  line  traceable  instead  of  two.  It  seems  to  have  been 
■located  in  the  swampy  grounds  where  the  springs  came  out,  with  a  view 
to  having  the  ditch  always  full  of  water,  which  must  have  been  its  con 
dition.  The  re<loubts  are  about  eighty  yards  apart.  Most  of  the  work 
is  traceable;  the  points  at  which  it  is  not  clearly-  so  I  have  indicated  on 
the  diagram  by  dotted  lines. 

No  other  line  of  earthworks  save  this  at  the  foot  of  the  bluffs  is  to  he 
seen;  hence  we  must  infer  that  the  defenses  on  other  sides  of  the  to\ni 
were  stockades,  or  something  of  the  kind.  The  regular  line  of  nionnds 
back  (A,  P,  V,  W,)  would  lead  to  the  conclusion  that  there  had  Ixhd 
other  defenses,  and  that  these  mounds  were  erected  for  the  i)uri>ose  of 
overlooking  them. 

All  the  mounds  of  the  grou[)  were  carefully  opened ;  the  markings  on 
the  diagram  show  tlie  shape  and  position  of  the  excavations  made. 

A. — This  is  a  round-shaped  mound,  twenty'  yards  across  and  five  U^^t 
high  in  the  center.  Upon  its  side  is  a  dead  \\hite  oak,  fQuercus  alba,) 
over  three  feet  in  diameter.  Went  to  the  bottom  in  the  center,  but 
found  nothing.  Composition  yellow  c«ay  without  gravel,  showing  that 
the  material  had  been  taken  from  the  surface  of  the  rid^e,  as  gx^^y^^'- 
occurs  a  short  distance  beneath. 

B. — Ten  yards  across  and  four  feet  liigh  in  center.  Same  character 
as  A.     Cut  entirely  through  it,  but  fouud  nothing. 

C. — Ten  yards  across  and  four  feet  high  in  center.  Same  character 
as  B ;  opened  it  with  same  result. 

D. — About  same  size,  and  precisely  same  character  as  C.  Opened  it, 
but  found  nothing. 

E. — Ten  yiirds  across  and  six  feet  high.  At  eighteen  inches  down 
we  came  upon  a  human  skeleton  lying  with  its  head  toward  the  south- 
east. The  bones  were  very  badly  decayed.  There  were  a  few  shells 
with  the  bones.  Nothing  more  v.  as  found.  Uinm  the  side  of  this  nionml 
there  is  a  white  ov\U  v^U\\\\\>  o\t\  Uvtv^vj.  V;j<jt:  ii\  diameter. 
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F. — Five  yards  across  aod  two  feet  high.    Contained  Dotbing. 

G. — Fift*eti  yarda  across  and  four  feet  high.  White  oak  tree  over 
two  feet  in  diameter  grovriag  upon  it.  At  two  feet  dowa  came  upon  a 
few  firagments  of  decayed  bones,  so  far  decayed  that  we  could  make  noth- 
ing of  them. 


H. — Twelve  yards  across  and  three  feet  h  gh.  On  removing  the  sur- 
face, we  found  the  mound  to  be  nothing  more  nor  less  than  a  great  shell  - 
beap.  Gave  it  a  thorough  taming,  but  found  nothing  save  such  things 
as  are  usually  met  with  in  these  shell  beds. 

I. — Ten  yards  across  and  three  feet  high.  Another  mound  composed 
partially  of  shells,  though  not  entirely,as  was  the  case  with  H.  Tbeshells 
were  intermingled  with  yellow  clay.  At  one  foot  down  found  a  stone 
implement — probably  a  plow  or  hoe.  Ton  will  observe  that  the  large 
end  of  the  implement  is  much  worn,  the  probable  resnit  of  working  in 
the  earth.  There  was  nothing  more. 
27  b 
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J. — Ten  yards  wide  and  three  feet  high.    Contained  nothing. 

K. — Twenty  yards  across  and  six  feet  high.    Contained  nothing. 

L. — Ten  yards  across  and  two  feet  high.    Contained  nothing. 

M. — Ten  yards  across  and  two  feet  high.  At  the  bottom  found  a  small 
stone  implement  lying  alone  in  the  yellow  earth,  apparently  lost  there 
when  the  mound  was  being  made.    There  wa«  nothing  more. 

I^. — Twenty-five  yards  across  and  eight  feet  high.  At  two  feet  down 
came  upon  shells  and  fragments  of  pottery  in  considerable  abundance. 
At  three  feet  down,  fragments  of  charcoal  were  to  be  seen,  and  the  earth 
had  a  red  appearance,  indicating  that  it  had  been  intensely  heated.  At 
six  feet  down  we  found  an  imperfect  stone  implement.  There  was  noth- 
ing of  further  interest. 

O. — Ten  yards  wide  and  three  feet  high.  Contained  nothing  of 
interest. 

P. — Twenty  yards  wide  and  five  feet  high.    Contained  nothing. 

Q. — Eighteen  yards  wide  and  three  feet  high.  A  few  scattering  shells 
were  found,  but  nothing  of  additional  interest. 

11. — Fifteen  yards  across  and  four  feet  high.  Found  one  large  arrow 
or  spear-head,  but  nothing  further. 

S. — Twenty  yards  across  and  six  feet  high.    Contained  nothing. 

T. — Ten  yards  across  and  two  feet  high.    Nothing  of  interest. 

U. — Twenty-five  yards  across  and  six  feet  high.  A  few  small  flint 
implements  were  found  scattered  here  and  there^  as  if  lost  at  the  time  of 
building.    Nothing  more. 

V. — Twenty  yards  wide  and  five  feet  high.    Contained  nothing. 

W. — Twenty-two  yards  wide  and  six  feet  high.  There  were  some 
traces  of  bones  a  few  inches  below  the  surface,  but  they  were  so  much 
decayed  that  nothing  could  be  made  of  them. 

X. — Twenty-three  yards  wide  and  five  feet  high.  Three  feet  down 
there  was  a  deposit  of  black  matter,  looking  as  if  some  perishable  snb- 
stance,  as  a  log  of  wood,  had  decayed.  There  was  no  sign  of  bones  or 
anything  else  of  interest. 

Y. — Sixty  yards  across  and  seven  feet  high.  Composed  of  black  allu- 
vial soil,  evidently  brought  up  the  bluff  from  the  river  bottom.  Exam- 
ined it  carefully,  but  found  nothing. 

Z. — One  hundred  yards  across  and  ten  feet  high.  Composed  of  black 
soil  from  the  river  bottom,  the  same  as  Y.  Found  traces  of  bones,  evi- 
dently human,  immediately  on  the  solid  earth,  but  the  character  of  tiie 
soil  making  up  the  mound  had  caused  them  to  decay  so  badly  that  but 
little  could  be  made  of  them.    There  was  nothing  further  of  interest. 

&. — Thirty  yards  across  and  twelve  feet  high.  This  mound  has  three 
arms  running  out  from  it,  as  shown  in  the  diagram.  They  were  evi- 
dently for  the  purpose  of  affording  an  easy  ascent  to  the  summit — ^the 
sides  were,  probably,  too  steep  to  be  ascended  with  ease.  Three  feet 
down  we  came  upon  some  badly  decayed  human  bones,  and  with  them 
Bome  black  substance  which  seems  to  have  been  matting.    At  seven  feet 


ABORIGINAL  RUINS  ON  THE  WILLIAMS  FARM,  TENNESSEE.    419 

\re  found  fi:agmeiits  of  charcoal  and  red  burned  earth  one  foot  thick, 
and  four  or  five  feet  in  diameter.  At  nine  feet  we  found  another  stone 
implement,  evidently  used  in  working  the  earth.  It  has  been  broken, 
and  on  that  account  may  possibly  have  been  thrown  away  by  the  work- 
men engaged  on  the  mound.    There  was  nothing  further  worthy  of  note. 

CHARACTER  OF  THE  MOUNDS. 

All  the  mounds  of  this  group,  with  the  exception  of  T  and  Z,  are 
composed  of  yellow  clay,  evidently  taken  from  the  surface  of  the  ridges ; 
and  all,  with  the  exception  of  &,  are  rounded  on  top  and  reasonably 
regular  in  outline.  In  general  character,  they  seem  to  differ  somewhat 
from  the  Savannah  group,  for  none  of  them  appear  to  have  been  places 
of  deposit;  in  fact,  I  do  not  think  there  is  a  burial  monnd  in  the  asso- 
ciation. I  am  of  the  opinion  that  the  few  bones  taken  out  are  not  those 
of  the  mound  builders,  but  that  they  are  the  remains  of  more  recent 
Indians,  buried  in  the  mounds  by  mere  chance,  or  because  their  eleva« 
tion  above  the  common  level  gave  them  attractions  as  burial  places. 

The  arrangement  of  this  "Williams  Farm''  group  has  quite  strongly 
impressed  me  with  the  belief  that  the  mounds  were  made  for  two  special 
purposes — one  set,  as  A,  P,  V,W,  and  perhaps  others,  to  stand  as  watch- 
towers,  from  which  to  overlook  the  defenses,  and  the  other  set,  as  A,  C, 
F,  O,  S,  U,  W,  X,  to  act  as  the  lamp-posts  of  the  town  5  that  is,  erected 
for  illuminating  purposes.  I  am  led  to  this  latter  conclusion  by  their 
situation  at  the  heads  of  the  valleys.  Fires  kindled  upon  them  even 
now,  (and  they  must  have  been  much  taller  originally,)  would  light  every 
foot  of  valley  making  up  into  the  town  site.  Add  to  these  a  few  that 
might  be  selected  upon  the  interior  of  the  ridges,  and  the  illumination 
of  the  entire  site  might  be  made  complete.  I  found  the  same  arrange- 
ment in  the  Savannah  group.  In  fact,  I  have  found  it  so  in  all  the 
groups  that  I  have  visited. 

SHELL  BEDS. 

There  are  a  number  of  shell  beds  in  connection  with  these  ruins,  but 
since  they  do  not  differ  in  any  particular  from  the  shell  beds  of  the 
Savannah  group,  I  have  thought  it  best  not  to  go  into  any  particular 
exploration  of  them,  or  to  trouble  you  with  specimens. 


FOSSIL  WOOD. 

In  the  same  box  with  this  I  send  you  some  specimens  of  fossil  wood, 
taken  from  "  Chalk  Bluffs'^  on  Tennessee  River,  in  Hardin  Coanty, 
Tennessee.  The  <' Bluffs"  are  caving  banks,  about  three  hundred  feet 
high,  washed  at  the  base  by  the  river. 

I.  The  piece  marked  thus  will  explain  itself.  It  is  a  sample  of  what 
I  wrote  you  about  as  being  part  wood  and  part  stone. 
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n.  Fragments  broken  from  the  trunk  of  a  tree  six  feet  in  diameter. 
Eight  feet  of  what  appears  to  be  the  butt  end  of  this  specimen  is  exposed, 
the  remainder  (no  one  knows  how  much)  rans  into  the  bluff. 

III.  Broken  from  a  specimen  seven  feet  long  and  four  feet  in  diameter. 

lY.  Bark.    Is  washed  out  of  the  blufif  in  considerable  quantities. 

Y.  Specimens  broken  from  the  end  of  a  log  three  feet  in  diameter, 
sticking  squarely  out  of  the  bluff,  embedded  in  the  center  of  a  seven- 
foot  stratum  of  yellow  sandstone.  Bounding  the  stratum  above  and 
below  are  thick  bands  of  iron  ore. 

YI.  Sample  of  the  yellow  sandstone  mentioned  above. 

YII.  Sample  of  the  deposit  in  which  most  of  the  fossils  are  found. 

YUI.  Specimens  picked  up  at  random  about  the  bluffs. 


TERRESTRIAL    PHYSICS. 


THE  EARTHdUAKE  U  PERU,  AUGUST  13,  1868. 

{^Extract  fnmi  letten  of  John  V.  CamphelX,  iuperinUmdent  of  ihe  Arioa  and  Tacua  Bailroad,'] 

TACtJA,  November  J 1868. 

The  sight  of  Arica  would  fill  with  dismay  any  one  who  had  known  the 
place  before.  The  destruction  has  been  complete^  and  more  ne^d  not  be 
said,  were  it  not  that  the  ruins  and  signs  of  the  great  devastation 
that  meet  one  on  all  side^  make  the  aspect  of  the  place  so  painful  that 
people  who  once  see  it  are  afraid  to  look  on  it  again.  The  lower  part  of 
the  town  is  a  heap  of  ruins,  except  Where  passages  have  been  cleared  to 
serve  as  streets,  while  in  the  upper  part,  beyond  the  reach  of  the  tidal 
wave,  many  walls  and  parts  of  houses  are  still  standing,  but  so  cracked 
and  shattered  as  to  be  quite  uninhabitable,  and  they  evidently  show 
that,  even  without  the  aid  of  the  sea,  Arica  was  a  mass  of  ruins  after 
the  heavy  shock  of  the  earthquake.  Further  back  on  the  pampa,  going 
toward  Arapa,  the  people  have  built  their  wooden  sheds  in  great  num- 
bers and  with  much  regularity.  It  is  said  this  will  be  the  future  site 
of  the  town. 

In  the  part  of  the  town  that  was  washed  by  the  sea  the  confusion  of 
the  ruins  is  indescribable,  and  the  effect  of  the  waves  is  bewildering. 
Alongside  the  mole  is  the  stationary  engine-boiler  of  the  railway,  also 
the  remains  of  the  two  locomotive-tenders ;  up  in  the  market-place  is 
another  tender,  one  of  the  boilers  of  the  flour-mill,  and  one  of  the  iron 
girders  of  Mr.  Hegan's  turn-table,  all  large  pieces  of  iron  weighing 
many  tons,  that  have  been  carried  by  the  force  of  the  waves  more 
than  seven  hundred  yards.  Facing  Eusert's  house,  or  rather  the  site 
where  it  stood,  is  one  of  the  locomotives  5  farther  on,  facing  Nugent's 
house,  is  another ;  and  a  few  yards  farther,  the  third,  all  in  the  sea, 
broken  and  completely  worthless.  The  strength  of  the  wave  is,  how- 
ever, more  apparent  at  San  Jos6,  where  the  piers  of  the  bridge  have 
been  cut  oflF,  on  a  level  with  the  bed  of  the  river,  and  carried  in  large 
compact  blocks  of  masonry  intact,  four,  five,  and  six  hundred  yards  on  to 
the  highest  ground  behind.  The  tubular  girders  have  been  carried  a 
similar  distance,  and  many  broken. 

The  bed  of  San  Jos6  Eiver  has  been  filled  up  about  four  feet,  while  our 
embankment  on  each  side  has  been  washed  down,  and  the  temporary  track 
we  have  built  passes  over  the  bed  of  the  river  with  a  culvert  of  only 
three  feet.  This  of  course  the  floods  will  carry  away  in  winter,  and 
how  we  shall  ever  manage  to  construct  a  permanent  bridge  I  cannot  yet 
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will  now  comprehend  my  long  silence,  as  siuce  the  30th  May  I  have  been 
busy  at  reorganization,  drilling  new  hands,  and  pulling  up  heavy  arrears 
of  work. 

As  you  ask  me  for  particulars  of  earthquakes,  I  will  tell  you  the 
result  of  my  long-continued  observations.  Their  course  here  is  invaria- 
bly  from  the  mountain  range  to  the  sea — in  this  district  from  east  by 
north  to  west  by  south.  Walls  built  north  and  south — that  is,  across  th« 
course  of  movement — are  those  that  suffer  most.  Many  have  fallen  aud 
all  are  more  or  less  injured.  Walls  built  east  and  west  suffer  little  if  at 
all,  except  occasionally  when  they  are  at  the  corner  of  the  street,  and 
then  only  a  few  of  the  last  adobes  fall. 

The  movements  appear  to  have  the  greatest  intensity  or  rather  effect 
in  sand.  The  walls  of  houses  built  on  sand  when  they  do  not  fall,  as 
most  frequently  they  do,  are  left  in  a  crumbled  condition,  crashed  and 
shattered  in  every  direction.  It  is  clear  that  the  earthquake  movement 
imparts  a  variety  of  movements  to  sand.  I  think,  too,  the  force  that 
causes  the  movements  acts  in  the  line  of  least  resistance,  or  tries  to  hb- 
erate  itself  where  it  finds  its  work  easiest. 

You  remember  the  "  big  cut''  on  the  A.  and  T.  line  and  the  conglom- 
erate that  you  so  often  anathematized.  That  conglomerate,  however, 
resists  earthquakes,  aud  I  attribute  the  preservation  of  Ta<;ua  on  the 
13th  August,  1868,  to  the  town  being  built  on  it.  Not  a  stone  falls  in 
the  big  cut,  and  I  have  a  hole  in  the  yard  of  my  house  fifty-one  feet 
deep,  all  through  this  formation,  with  an  old  wall  two  feet  from  its  edge, 
that  I  was  sure  would  have  fallen  in,  but  to  my  great  surprise  every- 
thing remained  sound  and  intact.  This  conglomerate  is,  as  you  know, 
rery  tough  and  must  offer  immense  resistance  to  the  earthquake  force. 

Our  rock  here  is  all  trachyte  tuffa,  a  few  stages  only  removed  from 
pumice-stone,  and  offers  little  or  no  resistance  to  the  earthquake  shocks. 
Houses  built  on  it  fall  easily. 

The  earthquake  waves  ai'e  low  and  only  measure  a  few  inches  in 
height.  The  damage  they  cause  appears  to  me  more  owing  to  duration 
than  to  altitude  of  the  movement.  The  earthquake  of  the  24th  ultimo 
lasted  ninety  seconds  and  left  things  standing ;  while  a  duration  of  five 
minutes  would  have  brought  them  down.  The  effect  of  this  last  earth- 
quake on  vessels  at  sea  you  will  find  in  the  Valparaiso  papers  of  last 
mail  in  the  case  of  the  ship  Payta.  The  water  appeared  to  run  away 
from  the  vessel's  sides,  and  tlie  people  in  her  feared  being  submerged. 
She  was  fifty-seven  miles  south  of  Arica,  in  a  direct  line  exist  and  west 
with  Islaya,  now,  as  then,  in  a  violent  state  of  eruption,  and  must 
have  been  caught  in  the  very  center  of  the  movement. 

The  effects  of  an  earthquake  on  a  train  in  motion  are  worth  mention- 
ing. On  the  13th  of  August,  1868,  the  Presidente  (our  very  first  and 
last  engine)  took  up  the  train,  (regulation  load  one  hundred  and  twenty 
tons,  cars  included,  but  exclusive  of  locomotive  and  tender  twenty  two 
and  one-half  tons,)  and  vja^  feovw^  *d»\»  v^iWiX*  ^vL\«^\i\si^<^^^'<^\.  \^a>is.  ^haxL 
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it  suddenly  stopped  with  a  smart  shock.  Mr.  Ansdcll,  who  was  a  pas- 
senger, thought  something  had  given  way  on  the  engine,  while  Braith- 
waite,  the  driver,  thought  the  stoppage  was  caused  from  behind.  The 
train,  however,  would  not  move,  so  the  steam'was  shut  off  and  both  got 
down  to  examine  matters.  They  could  hardly  stand  on  the  ground,  and 
at  once  perceived  the  true  state  of  the  case. 

Earthquakes  are  very  frequent  yet,  and  the  people  are  in  a  state 
of  panic,  a  German  astronomer,  Falb,  having  predicted  our  total  de- 
struction on  the  30th  September  or  1st  October;  while  an  Englishman, 
Saxeby,  defers  the  event  until  the  5th  of  October.  The  people  are  de- 
serting Arica,  and  the  authorities  are  making  us  bring  up  the  custom- 
house to  Tacua.  On  the  railway  we  can  barely  keep  our  work  going. 
In  Tacua  two-thirds  of  the  population  are  sleeping  in  tents.  I  never 
before  witnessed  such  a  fright.  People  refuse  to  transact  business  until 
after  the  6th  of  October,  or  when  purchases  are  made  delivery  is  stipu- 
lated for  after  that  date. 

Several  shocks,  and  two  very  severe  ones  on  the  20th  and  24th  of 
August,  have  enforced  the  German's  predictions,  and  it  is  becoming 
heresy  to  argue  against  him.  The  Cordillera  is  to  be  the  shore  of  the 
Pacific. 

The  anniversary  of  the  13th  August  was  a  great  day  in  Arica.  There 
were  masses  and  religious  processions  to  prevent  a  I'epetition  of  the 
great  cataclysm,  but  the  people  were  very  anxious,  and  passed  the  day 
on  the  hill-tops,  relieving  themselves  at  intervals  by  prayer  and  flying 
visits  to  the  taverns.    All,  however,  passed  off  well.* 
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By  Prop.  Palmieri,  op  the  Unfv^rsity  of  Naples. 

l^Trafislated  by  B,  O.  Duncan,  esq,,  Untied  States  oaneul,  and  furnished  to  the  Smithsonian 

Institution  hy  the  Department  of  State,^ 

In  all  the  instruments  invented  up  to  the  present  time  for  registering 
the  movement  of  the  earth's  surface,  the  force  itself  of  the  motion  of  the 
earth  has  been  charged  with  the  labor  necessary  for  preserving  the  trace 
of  the  shocks ;  and  this  is  the  reason  why  slight  oscillations  of  the  soil 
could  not  be  registered.  In  tbe  seismograph,  which  I  am  about  to  de- 
scribe, it  is  the  electric  current  which  performs  the  labor,  and,  there- 
fore, it  is  possible  to  have  a  registering  apparatus  capable  of  the  great- 
est precision  even  for  the  slightest  shocks.  It  is  also  possible  by  means 
of  this  apparatus  to  perceive  the  register  of  many  vibrations  of  the  earth 
which  would  otherwise  escape  observation. 

Suspended  above  a  small  iron  cup  containing  mercury  is  a  fine  bra^s 
wire  coiled  into  the  form  of  a  cork-screw,  of  about  fourte^iiQY  M^^^^l^ws^qsk 
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The  diameter  of  the  wire  is  aboat  one  millimeter^  and  that  of  the  spiral 
twenty  or  twenty-five  millimeters.  This  spiral  is  supported  at  its  upper 
extremity  by  a  thin  elastic  spring,  and  can  be  elevated  or  lowered  by 
means  of  a  screw.  The  lower  extremity  of  the  spiral  is  terminated  in 
a  cone  of  copper,  pointed  with  platinum,  which  is  kept  at  a  very  minute 
distance  from  the  mercury  contained  in  an  iron  cup,  which  is  placed  on 
a  column  of  wood  or  marble.  The  distance  from  the  point  of  platinum 
to  the  mercury  may  be  varied  at  ple.asure,  but  once  fixed  upon  it  re- 
mains invariable,  in  spite  of  any  changes  of  temperature,  owing  to  a 
very  simple  system  of  compensation ;  the  rod  which  sustains  the  spiral 
being  of  a  metal  which  expands  upward,  with  an  increase  of  tempera- 
ture, as  mnch  as  the  spiral  is  lengthened  downward.  The  iron  cup  and 
the  spiral  are  in  communication  with  the  poles  of  one  of  Daniell's  gal- 
vanic batteries  of  two  couples. 

K  the  surface  of  the  earth  is  agitated  by  a  vertical  shock,  even 
scarcely  jierceptible,  the  point  of  platinum  will  touch  the  mercury  below 
it,  and  will  complete  the  current  of  the  battery.  Then  two  electro-mag- 
nets, which  are  in  the  same  circuit,  will  attract  their  armatures  or 
keei)ers,  and  the  first  will  stop  the  running  of  a  clock,  which  marks  the 
days  of  the  month,  the  hours,  the  minutes,  and  the  half-seconds ;  and 
will  thus  register  the  exact  moment  of  the  commencement  of  the  shock. 
At  the  very  instant  the  clock  stops  it  gives  a  signal  of  alarm  by  means 
of  a  bell.  The  second  electro-magnet  in  drawing  its  armature  sets  free 
the  pendulum  of  a  second  clock,  which  had  been  stopped  out  of  the  ver- 
tical line,  and  this  clock  in  running  causes  a  band  of  pai)er  to  move  at 
the  rate  of  three  meters  an  hour.  At  the  same  time  the  armature  of 
the  second  electro-magnet  presses  a  pencil  against  the  paper  as  it  passes 
over  a  little  pulley,  and  causes  it  to  trace  a  series  of  dots  on  the  paper, 
corresponding  in  length  to  the  duration  of  the  shock ;  the  shock  having 
ceased,  the  paper  will  continue  its  movement  unwinding  from  one  cylin- 
der and  winding  up  on  another ;  and  if  another  shock  occurs,  the  peDcil 
will  register  it  as  before  by  another  series  of  dots,  and  thus  continue; 
so  that  the  intervals  remaining  unmarked  will  indicate  the  hours  of 
repose,  and  the  parts  marked  the  duration  of  the  oscillations. 

To  other  spirals,  formed  with  different  numbers  of  coils,  are  suspended 
small  magnets,  under  which  are  placed  some  iron  filings,  which  adhere 
to  the  magnets  when  they  oscillate  vertically ;  and  thus  they  presene 
the  trace  of  vertical  shocks.  One  of  these  spirals  causes  a  light  needle 
to  move  on  a  graduated  arc,  and  thus  measures  the  extent  of  the  oscil- 
lations. 

Four  glass  tubes,  each  bent  at  both  extremities  at  right  angles,  hav- 
ing  thus  two  vertical  branches,  united  at  the  middle  of  the  base  of  the 
horizontal  portion,  serve  to  indicate  the  horizontal  shocks ;  one  of  the 
two  vertical  branches  has  a  diameter  at  least  double  the  other,  but  is 
shorter.  These  four  tubes  are  arranged  in  the  direction  of  the  four 
cardinal  points.    As  ttiey  ai^  sAV  «Aikfe  «^d  aict  \u  the  same  way,  it  will 
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be  sufficient  to  notice  one  of  them.  A  certain  quantity  of  mercury  hav- 
ing been  poured  into  this  tube,  a  wire  of  iron  or  pUitinum  is  put  in  the 
branch  with  the  greater  diameter,  and  another  platinum  wire  is  placed 
at  a  very  small  distance  from  the  surface  of  the  mercury  contained  in 
the  branch  with  the  smaller  diameter. 

On  the  surface  of  the  mercury  contained  in  the  branch  with  the  small- 
er diameter  is  placed  a  floating  piece  of  iron  suspended  by  a  fine  silk 
thread,  which  passes  over  an  ivory  pulley,  with  a  counter- weight  so  reg- 
ulated that  if  the  floating  piece  is  raised  by  the  mercury  it  remains  sepa- 
rated from  it,  (at  the  point  to  which  it  had  been  raised ;)  and  as  the  axis 
of  the  pulley  has  attached  to  it  a  long  and  light  needle,  it  is  evident 
that  this  needle  will  deviate  when  the  floating  piece  rises,  and  that  re- 
maining fixed,  it  will  indicate  upon  the  arc  of  the  graduated  circle  the 
number  of  degrees  it  has  traced.  If  there  be  a  horizontal  shock  in  the 
direction  of  one  of  these  tubes  of  mercury,  the  mercury  will  be  agita- 
ted in  the  two  vertical  branches,  but,  undergoing  more  perceptible  oscil- 
lations in  the  branch  with  the  smaller  diameter,  it  will  raise  the  floating 
piece  of  iron,  and  will  cause  the  needle  to  deviate  in  a  corresponding 
manner.  But  at  the  same  instant  the  mercury  will  touch  the  point  of 
the  platinum  wire,  and  the  electric  current,  which  will  thus  have  pas- 
sage, will  excite  the  two  electro-magnets  before  mentioned,  and  will  act 
in  the  same  manner  as  already  explained  for  vertical  shocks.  The 
deviation  of  the  needle  will  indicate  the  direction  of  the  shock ;  and  if 
the  shock  is  not  in  the  exact  direction  of  the  tubes,  its  real  direction 
will  be  indicated  by  two  needles. 

By  the  aid  of  the  electric  current,  shocks  may  be  registered  which 
would  otherwise  escape  notice  on  account  of  their  extreme  slightness, 
for  the  trembling  of  the  surface  has  no  resistance  to  overcome,  pro- 
vided that  the  points  of  platinum  are  placed  very  near  the  surface  of 
the  mercury.  I  have  added  some  auxiliary  apparatus  for  shocks  a  little 
more  violent.  For  instance,  I  have  phvced  at  the  base  of  the  column  the 
mercury-apparatus  of  Coulier  or  of  Cacciatore.  At  the  extremity  of  the 
metallic  wire  I  have  suspended  a  metal  globe,  which,  in  oscillating, 
moves  the  light  horizontal  tubes  by  which  it  is  surrounded. 

One  clock  is  intended  to  make  known  with  the  precision  of  a  half-sec- 
ond the  beginning  of  the  shock ;  but  to  know  the  hour  in  which  the 
shock  occurs,  the  other  clock  will  suffice ;  for  the  length  of  the  paper 
unrolled  by  the  wheel,  and  the  hours  marked  by  the  needle,  will  indicate 
sufficiently  the  time.  This  apparatus  registers  all  the  shocks  that  take 
place,  indicating  the  duration  of  each  and  the  time  that  elapses  between 
them ;  but  it  cannot  give  the  nature  and  intensity  of  each  of  them. 
By  it  we  can  know  if  all  the  shocks  were  vertical,  and  also  their  maxi- 
mum intensity.  We  can  likewise  know  if  all  were  horizontal,  aud  if 
they  had  the  same  direction,  or  if  the  direction  was  diflferent.  We  can 
also  know  if  there  was  one  shock  of  one  kind,  and  another  of  a  different 
kind..   This  seemed  to  me  sufficient  for  registering  tlie  move!3CLewt§.<^^^^s:i.- 


428  TERRESTRIAL   PHYSICS. 

blings)  of  the  surface,  which  are  frequent  on  Yesavius,  bat  which  are 
very  rarely  observed.  The  apparatus  being  visited  at  least  three  or 
four  times  daily,  at  the  ordinary  hours  of  observation,  and  the  alarm- 
clock  announcing  the  moment  when  the  shocks  occur,  the  instrument 
may  always  be  put  back  into  its  normal  condition.  This  is  the  reason 
why  I  have  not  thought  it  necessary  to  add  other  parts,  which  would 
render  it  more  complicated. 

But  for  violent  earthquakes,  which  compel  the  leaving  of  the  house, 
and  which  render  the  visiting  of  the  apparatus  dangerous,  one  can,  by 
the  action  itself  of  the  violent  shocks,  register  the  character,  the  dura- 
tion, and  intensity  of  each  of  them,  with  the  aid  of  an  auxiliary  appa- 
ratus that  I  have  long  ago  prepared  in  my  mind,  but  which  I  have  not 
yet  had  executed.  My  principal  object  was  to  discover  the  slight  move- 
ments of  the  surface  which  hitherto  escaped  us  entirely.  The  seismo- 
graph above  described  has  not  only  given  me  the  surest  indications  of 
approaching  eruptions  of  Vesuvius,  but  it  indicates  also  the  violent 
earthquakes  which  occur  in  Italy  and  the  entire  basin  of  the  Mediterra- 
nean, even  the  eruptious  of  Etna  and  of  Santorin. 

In  localities  exposed  to  violent  earthquakes  this  apparatus  should  be 
placed  on  a  solid  foundation  of  masonry,  constructed  immediately  on 
the  surface,  and  protected  by  a  covering  of  wood  capable  of  resisting 
the  shocks. 


ON  THE  DISTBIBVTIOir  OF  FOREST-TREES  IN  MONTANA,  IDAHO,  AND  WASH- 

INGTON. 

By  W.  W.  Johnson. 

In  accordance  with  the  promise  made,  I  submit  the  following  views  of 
the  distribution  of  forest-trees  over  that  portion  of  the  Northwest  com- 
prising the  Territories  of  Montana,  Idjiho,  and  Washington,  or  more  par- 
ticularly the  region  extending  from  the  forty-fifth  to  the  fiftieth  parallel 
of  north  latitude  and  from  the  one  hundred  and  tenth  meridian  to 
the  Pacific  Ocean.  This  i)art  of  our  continent  is  traversed  by  three 
systems  of  mountains,  the  Rocky,  Bitter  Eoot,  and  Cascade  Ranges. 
The  mountain  system  of  the  two  first  named  occupy  a  space  of  about 
two  hundred  miles  in  width,  or  from  about  the  one  hundred  and  twelfth 
to  the  one  hundred  and  seventeenth  meridian,  while  the  latter  lie^  in 
the  vicinity  of  the  one  hundred  and  twentieth  meridian,  and  their  general 
direction  is  north  and  south  ;  these  are  approximate  locations,  and  are 
stated  as  limits  of  description.  The  traveler  through  the  Rocky  and 
Bitter  Root  Mountains  would  be  unable  to  tell  where  he  left  the  one  or 
entered  the  other.  The  valleys  of  the  main  water-courses  are  broad  and 
timberless,  while  the  banks  of  every  stream  are  fringed  with  a  belt  of 
Cottonwood,  with  willows,  alders,  and  a  small  birch  undergrowth. 
AYhile  the  mountain  spurs  and  ridges  which  form  the  boundaries  of  these 


FOREST  TREES.  429 

valleys,  and  in  which  these  streams  take  their  rise,  are  timbered  more  or 
less  heavily  with  the  several  varieties  of  firs  and  pines,  the  loftier 
ranges,  say  from  six  thousand  to  eight  thousand  feet  in  altitude,  are 
clothed  with  a  thick  growth  of  tall  black  pines,  which  are  firom  three  to 
ten  inches  in  diameter,  of  from  thirty  to  fifty  feet  in  height,  while  the 
lower  ranges  and  spurs  have  firs  and  pines  from  saplings  up  to  six  and 
nine  feet  in  diameter,  the  tallest  trees  being  probably  from  one  hundred 
to  two  hundred  feet  in  height  Geological  formation  ha«  something  to 
do  with  the  growth  and  variety  of  timber,  the  granitic  soils  being  ap- 
I>arently  preferred  by  the  pines,  while  the  firs  are  the  most  abundant  on 
the  limestones  and  old  red  sandstones.  Upon  nearing  the  limits  of 
vegetation  upon  the  many  peaks  whose  summits  are  seldom  destitute  of 
snow,  the  stunted  pine  appears  to  be  the  only  tree  which  struggles  there 
to  maintain  its  foothold. 

West  of  the  Bitter  Root  River,  which  washes  the  eastern  base  of  the 
formidable  range  of  mountains  called  in  one  locality  the  Bitter  Root  and 
in  another  the  Cceur  d'Alene  Mountains,  the  character  of  the  country 
changes.  The  streams  which  meander  in  sinuous  courses  through  the 
canons,  gorges,  defiles,  and  ravines  of  this  region,  which  has  a  width  of 
from  seventy  to  one  hundred  and  forty  miles,  are  confined  to  narrow  beds 
between  mountain  spurs,  and  the  entire  face  of  the  country  is  covered 
with  a  forest  which  has  forbidden,  until  lately,  even  the  hardy  and  ad- 
venturous miner  from  exploring  its  fastnesses,  and  determining  the 
heads  and  courses  of  its  draining  streams.  After  leaving  the  western 
base  of  this  mountain-bed  we  enter  the  great  plain  of  the  Columbia, 
where  no  trees  are  seen,  except  along  the  water-courses,  as  on  the  eastern 
side  of  the  mountains,  over  a  vast  plain  which  presents  to  the  eye  the 
appearance  of  a  rolling  ocean  tossed  by  contending  billows.  Crossing 
this  plain,  up  nearly  to  the  summits  of  the  Cascade  Mountains,  a  dis- 
tance of  about  one  hundred  and  fifty  miles,  we  again  enter  into  the 
timber,  which  stretches  thence  in  an  almost  unbroken  forest  to  the  Pacific, 
where  the  trees  of  pines  and  firs  assume  gigantic  proportions,  and  have 
given  to  Washington  Territory  the  reputation  of  affording  the  best  spar 
and  ship  timber  in  the  United  States,  if  not  in  the  world.  To  the  north, 
when  you  enter  into  the  region  of  the  Upper  Columbia  and  its  tributa- 
ries, which  rise  in  the  damp  lake  country  of  the  British  possessions,  as  far 
as  my  experience  goes,  the  fiftieth  parallel,  the  country  yields  as  fine  a 
growth  of  timber  as  in  the  mountain  regions  to  the  south  of  it,  similar 
in  character,  but  wider  in  its  extent.  This  country  is  devoid  of  any 
extensive  prairies,  and  is  but  sparsely  inhabited,  and  has  been  imx)er- 
fectly  explored. 

Having  thus  given  the  outlines  of  the  distribution  of  the  trees  over 
the  tract  set  forth,  I  would  suggest  the  theory  which  presents  itself  to 
my  observation,  as  accounting  for  the  treeless  valleys,  prairies,  and  plains 
which  form  so  large  a  part  of  our  great  West.  When  I  first  entered  that 
country,  nearly  eleven  years  ago,  I  was  much  struck  by  the  abaeu.<ifc  csi 
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raius  in  summer  on  these  plains.    Showers  would  come  up  as  they  do 
iu  the  eastern  part  of  the  United  States,  but  seemed  to  be  drawn  and 
swept  along  the  sides  of  the  mountains,  where  they  ex[>ended  their 
moisture,  giving  only  to  us  in  the  prairies  the  comfort  of  their  shadows. 
I  noticed  this  in  a  residence  of  some  five  years  in  the  Walla- Walla  Yal- 
ley,  on  the  southern  boundary  of  the  great  plain  of  the  Columbia,  a« 
well  as  in  the  many  valleys  of  Montana.    Li\ing,  as  I  have  for  several 
summers,  under  canvas,  and  my  business  calling  my  attention  to  the 
clouds  and  the  trees,  my  experience  there  corroborates  my  obseiTation 
in  Walla- Walla,  as  showing  that  the  showers  of  summer  are  of  umch 
more  frequent  occurrence  along  the  mountain-sides,  and  are  always  of 
longer  duration  among  the  timbered  peaks  and  foot-hills  than  in  the 
lower  and  treeless  portions  of  the  country.    The  trees  grow  always  along 
the  streams,  where  there  is  a  constant  supply  of  water,  although  the  soil 
may  not  differ  in  any  material  respect  from  that  in  the  immediate  vi- 
cinity, which,  being  dry  and  unnourished  by  rains,  afford  no  nutriment 
to  the  seeds  of  the  cottonwood,  the  pine,  or  the  fir.    Not  only  the  ab- 
sence of  rains  in  summer,  but  the  absence  of  snows  in  winter,  are  a  pre- 
ventive to  the  growth  of  forests.    Thus,  we  see  these  valleys  are  sel- 
dom visited  by  snows  of  any  depth,  from  twelve  to  twenty -four  inches 
being  the  limits  of  deposit  in  ordinary  winters,  and  frequently  the  fall 
over  their  surfaces  does  not  reach  a  depth  of  over  five  or  six  inches, 
while  in  the  elevated  lands  of  the  mountains  in  the  timber,  snows  of  from 
three  to  seven  feet  are  of  almost  universal  occurrence  every  winter,  and 
in  the  northern  latitudes  referred  to,  while  the  altitude  is  not  so  great, 
still  the  snow  deposit  is  as  great  and  as  widely  diffused. 

As  another  evidence  of  moisture  being  a  controlling  element  in  the 
growth  of  trees,  wherever  a  spring  starts  out  of  a  mountain-side,  other- 
wise treeless,  a  clump  of  timber  marks  the  spot,  and  is  an  almost  sm« 
sign  of  its  presence  5  and  wherever  a  tree  is  planted  and  supplied  with 
its  requisite  amount  of  water,  the  growth  is  as  thrifty,  as  healthy,  and 
as  endui'ing  as  in  its  native  forest. 


HCFIUENCE  OF  THE  AURORA  ON  THE  TELEGRAPH. 

By  W.  D.  Sargent. 

Harrisburg,  Pennsylvania,  September  27, 1870. 

I  take  the  liberty  of  laying  before  you  some  crude  observations  of 
mine  on  the  effect  of  the  aurora  on  telegrax)h  lines  on  the  nights  of  the 
24th  and  25th  instant. 

Saturday,  September  24th,  the  wires  were  very  much  interrupted  all 
the  evening,  and  we  supposed  a  storm  was  gathering  in  the  west,  but 
the  appearance  of  the  aurora  between  8  and  9  p.  m.  discovered  the  real 
cause  of  the  trouble.    The  Wg^Vit  «i\id  ^a«J\e%  imcireased  in  brilliancy  and 
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color  up  to  about  11  o'clock,  when  the  whole  northwestern  part  of  the 
heavens  was  a  brilliant  red,  reaching  to  the  zenith,  the  color  fading 
gradually  to  the  north  to  a  strong  white  light,  and  then  rising  again  in 
the  northeast,  but  not  so  brilliantly  as  in  the  northwest.  At  this  time 
(11  p.  m.)  I  came  to  the  office  and  had  one  of  our  lines  disconnected  from 
the  batteries  and  the  ends  grounded  at  Harrisburg  and  Philadelphia. 
This  arrangement  gave  a  current  a  trifle  stronger  than  the  regular  bat- 
teries and  in  the  same  direction,  galvanometer  deflecting  to  the  right. 
At  11.45,  after  one  or  two  breaks,  the  current  changed,  the  galvanometer 
needle  deflecting  to  the  left 5  at  11.55  back  to  the  right;  at  12.10  to  the 
left,  where  it  remained  until  1  o'clock,  when  I  went  home. 

After  the  galvanometer  needle  deflected  to  the  left,  at  11.45,  the  current 
became  very  unsteady  and  weak  5  was  only  sufficiently  strong  to  move 
the  relay  for  a  few  minutes  at  a  time.  The  galvanometer  showed  a 
current  of  varying  strength  all  the  time. 

Sunday,  September  25th,  the  aurora  again  appeared  about  8.30  p.  m., 
but  not  near  so  brilliant  as  on  the  former  evening. 

I  had  a  wire  connected  as  before,  viz,  to  the  ground  at  Harrisburg  and 
Philadelphia.  This  produced  no  effect  whatever  on  the  relay.  The  gal- 
vanometer at  8.40  deflected  to  the  left 5  8.45,  right 5  9,  left;  9.20,  right; 
9.21,  left;  here  the  current  was  very  changeable,  the  needle  fluttering 
from  side  to  side ;  at  9.22  again  to  the  right,  where  it  remained  until 
10  p.  m.,  when  I  went  home. 

The  galvanometer  I  have  is  Dr.  Werner  Siemen's  universal  galvan- 
ometer. 

[The  change  in  direction  of  the  current  may  possibly  have  been 
due  to  the  greater  action  of  a  beam  of  the  aurora  on  the  easterly  part 
of  the  wire  between  Harrisburg  and  Philadelphia,  and  afterward  of 
another  beam  on  the  westerly  part  of  the  wire.  It  is  therefore  import- 
ant to  note  whether  a  change  of  a  similar  kind  takes  place  in  a  wire 
extending  north  and  south.— J.  H.] 
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KEW  CLASSIFICATIOir  OF  CLOUDS. 

By  Professor  Andre  PofiY, 
Late  director  of  the  observatory  at  Havana, 

HISTORICAL  SKETCH. 

The  meteorologists  of  antiquity  felt  the  need  of  distinguishing  the 
different  appearances  of  clouds,  but  were,  at  the  onset,  completely  be- 
wildered by  the  great  variety  of  form  which  they  assumed,  apparently 
without  order.  Aristotle  •  first  studied  the  phenomena  of  clouds  in  rela- 
tion to  their  optical  properties — their  power  of  reflecting  and  refiracting 
light,  and  the  production  of  rainbows,  halos,  and  coronas.  Theophras- 
tusjt  his  disciple,  afterward  vaguely  observed  the  forms  of  clouds  rela- 
tive to  the  predictions  of  change  of  weather.  He  remarked,  for  exam- 
ple, that  the  appearance  of  straight  horizontal  layers  of  clouds  on  the 
summits  of  mountains  is  an  indication  of  wind  and  rain;  but  these 
attempts  evidently  must  have  failed,  because  the  natural  classification 
of  objects  in  the  time  of  Theophrastus  was  unknown.  It  was  not  until 
1801  that  the  great  naturalist  Lamarck,  |  and  in  the  year  after  the  cele- 
brated English  meteorologist  Luke  Howard,  §  perceived  the  possibility  of 
referring  the  clouds  to  some  fundamental  types,  following  the  example  of 
the  natural  classification  for  living  beings  adopted  by  Linneus.  Lamarck, 
who  pointed  out  the  importance  of  the  study  of  the  forms  of  clouds,  de- 
termined six  principal  types,  which  he  denominated  clouds  en  balayures^ 

•  Aristotle. 

t  Theophrastus. — ^Liber  de  ventis,  et  opnscnlA  de  signis  plnYiamm  et  tempestatis, 
aact.  Theophrasto,  in  lat.  vdrs.  et  illastr.  apnd  FraDciscam  de  Franciscis  Bonaventura, 
Venetiis,  1594,  4  parts,  1  vol.,  4to ;  Eresii  Theophrasti  qua  Bai>er8Tiiit  opera  et  escerpta 
Librorum  quatuor  tomis  compreheDsa  Jo.  Gottlob  Schneider!,  LipsieB,  1818-'21,  5  toL, 
8vo,  vol.  ii,  pp.  466-476,  599-605;  vol.  iv,  pp.  719-756;  vol.  v,  pp.  163-173. 

t  Lamarck. — ^Annnaire  meteorologiqne,  Paris,  an  x.  No.  3,  p.  149;  an  xi,.No.  4,  pp. 
126-128 ;  an  xii,  No.  5,  p.  159. 

$  Howard.— Tilloch's  Philosophical  Magazine,  1803,  vol.  xvi,  pp.  97-107, 344-357;  voL 
xvii,  pp.  5-11,  pL  vi,  vii,  viii,  with  some  changes  not  affecting  the  nomenclature  in 
Ree's  Cyclopaedia,  1819,  vol.  viii,  art.  cloud;  in  Nicholson's  Philosophical  Journal,  1812, 
vol.  XXX,  pp.  35-62,  without  plates ;  in  supplement  to  the  Encyclopaedia  Britannica,  1824, 
vol.  iii,  pp.  202-205,  art.  cloudj  with  plates,  and  the  addition  of  a  set  of  new  terms  for  the 
modifications,  intended  for  the  use  of  English  readers ;  The  Climate  of  London,  London, 
1833,  vol.  1,  pp.  xxxix-lxxii ;  On  the  Modifications  of  Clouds,  and  on  the  Principles  of 
their  Production,  Suspension,  and  Destruction,  being  the  substance  of  an  essay  read 
before  the  Askesian  Society  ixv  the  session  from  1802  to  1803,  issued  separately,  in  1832, 
London,  Bvc,  without  piatea',  Vd.  ,\iOiv^o\i,\^V,\Ti  ^Xa,  Vv\X^\i.^^^EE»s«i^ss^, 
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(sweeping;)  en  harrcj  (bars;)  painmeles,  (curdled;)  group&i,  (grouped;) 
en  voilcy  (veil;)  and  attroupSsj  (piled.)  The  year  following,  1802,  Luko 
Howard  proposed  a  classification  of  clouds  still  more  elaborate  than  tbat 
of  Lamarck.  It  is  a  remarkable  fact  tbat  tbese  two  savants,  who  labored 
independently  of  each  other  on  clouds  observed  in  two  difl'erent  coun- 
tries, should  have  arrived  at  almost  the  same  fundamental  types,  and 
especially  at  the  determination  of  the  same  clouds,  though  designated 
by  different  denominations.  Thus,  in  the  seven  tyi)es  which  Howard 
has  established,  we  find  the  first  five  types  of  Lamarck,  according  to 
the  following  table : 

I'ypcs  of  Lamarck.  Types  of  Howard. 

En  balaynres,  (sweepings) Cirrus. 

*      En  barre,  (bar) Cirro-stratus. 

Pommel^s,  (curdled) Cirro-enmulus. 

Group^s,  (grouped) ' Cumulo-stratus. 

En  voile,  (veil) Nimbus. 

As  to  the  two  other  clouds  of  Howard,  the  stratus  being  but  a  mist, 
and  the  cumulvs  corresponding  entirely  to  his  own  cumulostratusj  since 
he  made  double  use  of  these  identical  forms,  we  see  how  the  five  true 
types  of  Howard  are  fundamentally  the  same  as  those  of  Lamarck.  If 
we  consider  that  my  new  type  of  fractocuimUus  is  found  in  the  classi- 
fication of  Lamarck  under  the  name  7itutge  attroupd,  (piled  cloud,)  adding 
besides  my  two  other  types  of  palliO'Cirrus  and  of  paUio-ctimulus,  the 
last  being  a  modification  of  Howard's  nimbus j'Wii  have  the  classifica- 
tion of  clouds  established  by  me  in  1863,  whi(?h  I  shall  describe  in  the 
following  exposition.  The  types  which  served  as  the  base  of  Howard's 
nomenclature  were  very  happily  chosen,  since,  as  Kiimtz  well  observed, 
they  are  connected  with  anterior  atmospheric  changes,  and  consequently 
furnish  us  with  indications  of  approaching  change  of  weather.  How- 
ard in  his  classification,  which  is  almost  entirely  based  upon  the  form  of 
the  clouds,  distinguishes  three  simple  modifications:  The  cirrus:  par- 
allel flexions,  or  diverging  fil)ers,  extensible  by  increase  in  any  or  in  all 
directions;  the  cumulus:  convex  or  conical  heaps  increasing  upward 
from  a  horizontal  base;  the  stratus:  a  widely  extended,  continuous, 
horizontal  sheet,  increasing  from  below  upward,  from  which  the  two 
following  intermediate  modifications  are  derived:  The  cirro-cumulus': 
small,  w^ell-defined)  roundish  masses  in  close  horizontal  arrangement  or 
contact ;  the  cirro-stratus  :  horizontal,  or  slightly  inclined  masses  at- 
tenuated toward  a  part  or  the  whole  of  their  circumference,  bent  down- 
ward or  undulated,  separate  or  in  groups  consisting  of  small  clouds 
having  these  characters;  and,  finally,  the  two  following  compound 
modifications:  The  cumulo-stratus:  the  cirro-stratus  blended  with  the 
cumuluSy  and  either  appearing  intertwined  with  the  heaps  of  the  latter, 
or  superadding  a  wide-spread  structure  to  its  base  ;  the  cumulo-cirro-stratus 
vel  nimbus:  "The  rain-cloud,  a  cloud  or  system  of  clouds  from  whitoh 
rain  is  falling.  It  is  a  horizontal  sheet,  above  which  the  cirrlis  spreads, 
while  the  cumulus  enters  it  laterally  and  from  beneath,"  I  shall  point 
28  3 
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out  below  the  faulty  interpj'etation  which  has  been  given  by  all  the 
writers  to  the  descrii)tioa  of  Howard's  two  types  of  clouds,  the  stratus 
and  nimbus,  then  the  defects  of  this  nomenclature,  which  I  reject,  and 
the  new  classification  which  I  substitute,  although  since  the  time  of 
Howard  no  other  classification  having  been  hitherto  proposed,  the  fol- 
lowing are  some  partial  attempts  which  have  been  made  on  the  subject 
In  1 8 15  Thomas  J.  M.  Forster*  reproduced,  with  some  remarks, 
Howard's  description  of  clouds,  adding  an  English  nouiendature  of 
common  names.  In  1817  A.  Miillert  proposed  the  removal  of  some  ob- 
scurities in  Howard's  descriptions,  founded  upon  observations  which  he 
had  carried  on  for  twenty  years  at  Vienna,  in  the  north  of  Germany, 
upon  the  northern  and  southern  slopes  of  the  Alps,  on  the  banks  of  the 
Rhhie,  and  in  France.  In  1832  the  celebrated  meteorologist  Kiimtzf 
determined  a  new  form  of  clouds  under  the  name  of  stratocumiUns,  or 
night-clouds;  that  is  to  say,  the  reverse  of  Howard's  cumulo-stratus. 
But  before  his  death,  M.  Kiimtz  himself  acknowledged  to  me  that  he 
no  longer  attached  any  importance  to  his  strato-cumulus,  and  that  I  could 
erase  it  from  the  nomenclature  of  couds.  *In  1857-58  W.  S.  Jesou8§ 
published  two  notes  upon  the  form  of  cirrus  and  other  clouds.  He 
endeavored  to  account  for  their  formation  by  laboratory  experunents, 
which  he  had  made  with  vapor  of  water.  In  1863  the  lamented  Ad- 
miral Fitz  R03, II  having  in  charge  the  meteorological  department  of 
tiie  Hoard  of  Trade,  (Londou,)  proposed  the  adoption  of  an  augmenta- 
tive termination  in  onus,  and  a  diminutive  in  itus,  to  the  nomenclature 
of  Howard,  in  the  following  manner:  From  cirrus  he  forms  cirronm 
and  cirritus ;  from  cirro-stratus,  cirronostratus  and  cirrito-stratiis,  and 
so  on.  Not  only  does  this  modification  refer  to  the  less  or  greater 
quantity  of  clouds  without  changing  the  primitive  form,  but  it  is 
subject  to  great  error  in  practice  without  being  warranted  in  this 
by  either  the  observation  or  the  plates  of  Fitz  Eoy.  Finally,  in  18G3, 
I  proposed  to  the  Academy  of  Sciences  of  Paris  the  determination  of 
the  new  types,  which  1  have  named  pallium  (palliodrrus  and  pallia- 
ctumdus)  and  fracto-cumnlits,  the  description  of  which  will  be  found 
farther  on.^  When  one  considers  the  imperfection  of  Howard's  old 
classification,  the  difUculties  of  distinguishing  each  stratum  of  clouds, 

*  FoKSTEii. — Untersiichungeu  iibcr  die  WoUien  iiiul  andere  Erscheiuungen  in  der 
Atniosphure,  Aiis.  d.  Franz,  2.  Auflagc,  Leipzig,  1H19 ;  Researches  about  Atniosplieric 
Pluenomena,  London.  1815,  2d  edition,  jip.  1-113;  id.,  London,  1823,  'M\  edition,  pp.  1-113. 

t  MCllkii. — Gilbert's  Annalen  der  Pbysik,  1817,  vol.  Iv,  p.  102;  Bibliotheciue  univer- 
selle  do  Geneve,  1817,  vol.  v,  pp.  G-12. 

t  Kamtz. — Lehrbuch  der  Meteorologie,  Leipzig,  1831,  vol.  i,  p.  377;  Vorlesnngen  Uber 
Meteorologie,  Halle,  1810;  id.,  translated  by  Cb.  Martins,  Paris,  1843,  p.  11.5,  pi.  iii. 

^  Jesoxs. — Pbilosopbieal  Magazine,  18,')7,  vol.  xiv,  pp.  22-35;  1858,  vol.  xv,  pp.  241-255. 

II  FiTZ-RoY.— The  Weather  Book,  Londou,  1863,  p.  391,  pi.  ix,  x. 

H  PoKv. — Sur  deux  nouveaux  types  do  uuages  observ<5s  a  la  Havane,  dcnorames  paZ- 
lium  (pallio-flirrus  et  pallio-cuiuulus)et  fracto-cuniulus— Coraptcs-rendus  do  PAcaddraie 
des  Sciences  de  Paris,  lH\S'i,  \o\.  \\\.,  v*  ^^^^  \  Aunuaire  dc  la  Soci^t^S  Met^orologique  de 
Prance,  1863,  vol.  x\,  p.  hX 
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with  tlieir  corresponding  elements,  and  especially  the  considerable 
length  of  time  that  an  observatory  must  spend  in  making  a  good  obser- 
vation, according  to  our  present  faulty  method,  we  are  less  surprised 
at  the  little  progress  that  a  study  so  interesting  has  hitherto  made.  I 
must  add  an  important  fact,  which  has  passed  completely  unnoticed :  that 
the  classification  of  JToward  also  is  faulty  in  the  definition  of  stratus 
and  nimbus,  Kiimtz's  treatise  on  mete'orology  gives  the  following  defi- 
nition of  stratus,  which  has  been  since  blindly  adopted  by  all  meteor- 
ologists: "It  is  a  horizontal  handj  formed  at  sunset  and  disapi)earing 
at  sunrise.''  On  the  contrary,  Howard's  detinition  has  always  been  that 
the  stratus  "is  the  lowest  of  clouds,  since  its  inferior  surface  commonly 
rests  on  the  earth  or  water  ;  this  is  properly  the  cloud  of  the  night,  the 
time  of  its  first  appearance  being  about  sunset.  It  comprehends  all 
those  creeping  mist^  which,  in  calm  evenings,  ascend  in  spreading 
sheets  (like  an  inundation)  from  the  bottom  of  valleys  and  the  surface 
of  lakes,  rivers,  and  other  pieces  of  water  to  cover  the  surrounding 
country."  In  continuation,  Kiiuitz,  describing  the  cirrono  stratus,  re- 
marks that  "these  clouds  form  horizontal  strata,  which,  at  the  zenith, 
seem  composed  of  a  great  number  of  thin  clouds,  while  at  the  horizon, 
where  we  perceive  the  vertical  projection,  we  see  a  long  and  very  narrow 
band."  Thus  for  the  stratus  we  have  a  horizontal  band,  and  for  the 
cirro-stratus  at  the  horizon  another  band,  long  and  very  narrow.  Accord- 
ing to  this  savant,  between  these  two  bands  there  is  no  distinctive  mark 
save  the  hour  at  which  they  appear.  But  as  the  bands  cirro-stratus  are 
frequent  exactly  at  the  rising  or  setting  of  the  sun,  it  is  very  dilficult  to 
distinguish  these  two  orders  of  clouds.  It  must  be  added  that  the  cirrus 
and  the  cirro-cumulus  show  a  tendency  to  dispose  themselves  in  bands 
parallel  with  each  other,  which  at  the  horizon  may  be  equally  confounded 
with  those  of  stratus  and  cirro-stratus.  As  to  the  origin  of  the  stratus 
can  we,  without  confusion,  give  the  name  of  cloud  to  a  phenomenon 
already  designated  as  mist  ?  The  sole  connection  which  exists  between 
a  cloud  and  a  mist  is  in  the  first  precipitation  of  vapor  of  water  in  the 
atmosphere,  and  its  greater  or  less  condensation.  4  It  is  when  the  mist 
is  elevated  to  the  region  of  inferior  clouds  that  it  is  condensed  under  the 
form  of  a  cumulus^  and  the  visible  vapor  of  water  takes  its  first  forms. 
Hitherto  the  mist  was  but  a  shapeless  mass  of  vapor  molded,  so  to 
speak,  by  the  accidents  of  the  earth  and  sheets  of  water,  and  following 
the  permanent  or  transient  outlines  of  these  surfaces.  It  seems  that 
Howard's  first  error  was  calling  a  mist  a  cloud,  and  the  grave  responsi- 
bility rests  upon  his  successors  of  giving  the  mist  of  this  writer  as  a 
true  cloud  under  the  form  of  a  horizontal  hand.  This  error  has  been 
extended  to  the  different  plates  published  in  1815  by  Forster,  in  which, 
nevertheless,  the  stratus  is  not  given  as  a  band,  but  rather  as  a  mist 
raised  at  the  horizon.  But  this  representation  is  equally  faulty,  as  it 
gives  no  idea  of  a  mist  covering  the  surface  of  the  earth,  ?\s  early  as 
1820,  in  Brande's*  work,  the  stratus  ai)peared  as  forming  a  horizontal 
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band,  which  was  reproduced  by  Kumtz  in  1840,  and  by  Schiibler*  in 
his  four  splendid  engraved  plates  in  1849.  In  fine,  the  plates  which 
were  published  by  tiie  Smithsonian  Institution  t  at  Washington,  and 
in  1839  by  the  chart  department  of  the  French  minister  of  marine,}: 
to  serve  as  instructions  for  seamen  and  observers,  were  reproductions 
of  those  of  Kiimtz.  The  French  edition  alone  contained  two  plates, 
of  which  the  first  embraced  the  simple  forms  of  clouds,  cirruSj  stratus^ 
cumulusj  and  nimhusj  and  the  second  the  compound  forms,  drroeumu- 
lusj cirrostratm, and  cumulo-stratuSj  with  four  variable  cirri.  . Howard^s 
Plate  VI,  on  the  contrary,  published  in  1803  for  the  first  time,  in  Tilloch's 
Philosophical  Magazine,  represents  the  stratm  as  a  wi«<  spreading  above 
a  lake  surrounded  by  hills.  Thus  far  in  relation  to  the  erroneous  inter- 
pretation given  to  Howard's  stratum.  We  now  proceed  to  note  another 
error  hitherto  propagated,  relative  to  the  nimbus.  In  the  first  place, 
Kiimtz's  definition,  which  all  the  late  meteorologists  have  adopted,  is 
as  follows :  W^hen  the  cumulus  is  piled  up  and  becomes  more  dense  it 
passes  to  the  state  cuynulO'Stratus,  which  often  takes  at  the  horizon  a 
black  or  bluish  tint  and  passes  to  the  state  of  nimbus j  or  rain-cloud. 
This  is  distinguished  by  its  uniform  gray  tint  and  its  broken  ecjges,  the 
clouds  which  compose  it  being  so  much  confounded  that  it  is  imi)ossible 
to  distinguish  them.  Thus  the  single  primordial  and  distinctive  char- 
acter which  results  from  this  definition  is  that  of  a  rain-cload,  and  there- 
fore we  shall  call  every  rain-cloud  nimbus,  as  has  been  done  to  the  present 
time.  Its  secondary  charact^nistics  are:  1st,  a  tint  of  uniform  gray; 
2d,  its  edges  broken  ;  3d,  confusion  of  all  the  clouds  of  which  it  is  com- 
posed. All  this  gives  no  idea  of  the  most  essential  element,  namely, 
the  real  form  of  the  rain-cloud.  Though  the  definition  of  Kamtz,  and 
other  writers,  is  not  that  of  Howard,  this  observer  has  not  given  one 
more  intelligible  and  exact.  We  see  that  he  unconsciously  felt  the 
formation  of  rain-cloud,  but  was  not  very  settled  in  his  description.  I 
am  speaking  of  the  double  superposed  straUim,  the  inferior  formed  of 
cumulus,  which  it  designates,  and  the  second  superior  stratum  of  cirrus, 
whose  existence  wai  vaguely  felt  hy  Howard.  The  remainder  of  his 
definition  is  cumulus  cirrostratus  vel  nimbus  dcf.  nubes  rel  nubium  con- 
gerieo  (supern^  eirrata)  pluvian  effundens.  A  cloud  or  system  of  clouds 
from  which  rain  is  falling  is  called  a  rain-cloud.  It  is  a  horizontal  sheet, 
above  which  the  cirrus  spreads,  while  the  cumulus  enters  in  laterally 
and  from  beneath.  In  other  isolated  passages  of  his  long  description 
of  the  nimbus,  the  idea  of  this  double  stratum  appears  yet  more  plainly. 
"  Clouds,  in  any  one  of  the  i>receding  modifications,  may  increase  so  as 
completely  to  obscure  the  sky.  Before  this  effect  takes  place  there  ex- 
ists, at  a  greater  altitude,  a  thin,  light  veil,  or  at  least  a  hazy  turbidne-ss. 


•  SchObl1':r.— OniDdsUtz*?  dw  Mct3orologie,  Leipzig,  1849. 
t  Smitiisonian  Institution,  Washington,  D.  C. 

X  Vankkchout.— rrend\  Uux\a\v>,Uo\i  of  the  "  Explanations  and  Sailing  Directions  of 
Lieutenant  Maury,"  Pimn,  l^oO,  4to. 
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When  this  -has  considerably  increased  we  see  the  lower  clouds  spread 
themselves  till  they  uuitc  iu  all  poiuts  and  form  cue  viti/onn  sheet.  It 
will  i-ain  duriug  thia  state  of  the  tiro  stmla  of  clouds,  oue  passing  l>e- 
ueath  the  other  and  each  coDtiuually  tending  to  horizoutal,  uniform  dif- 
fusion, (the  superior  stratum  is  often  seen  in  this  case  to  pnrtake  of  cirrttx,) 
although  they  should  bo  separated  by  an  interval  of  many  hundre<I  feet 
in  elevation.  The  intermediate  space  on  these  occasions  is  not  supposed 
to  be  at  any  time  fi'ce  from  a  conducting  mediam  of  different  watery 
particles,  enabling  the  opposite  electricities  to  neutralize  each  other." 
Hence  we  see  that  this  description  of  Howard's  nimbus  has  no  counec 
tion  with  that  given  by  Klimtz  and  the  late  writers,  of  a  cloud  inter- 
mediate in  form,  which,  according  to  the  latter,  is  supposed  to  have  the 
property  of  producing  rain.  It  is  not  the  property  of  any  clon<]  to  pro- 
duce rain,  but  it  is  produced  by  the  reunion  by  the  electric  action  and 
reaction  upon  the  aqueous  vapor  of  two  superposed  strata  of  clouds,  the 
superior  being  cirrus  and  the  inferior  cumulus.  It  is  this  latter  cir- 
cumstance that  Howard  has  neglected  to  properly  establish.  All  tiic 
plates  which  have  been  published,  not  excepting  that  of  Howard,  give 
no  idea  of  this  double  stratum  which  constitutes  the  rnin-clond,  that 
is,  the  nimbus  of  Howard,  or  properly  my  pallium,  (pallio-cirrus  and 
palliocumulus.)  I  now  proceed  to  point  out  the  error  equally  inherent 
in  the  three  orders  of  cloads  denominated  cumvlus,  cumulo-stratua, 
and  stratocumulus,  and  to  show  that  they  can  all  be  reduced  to 
the  second  typo  of  cumulus.  I  remark,  iu  the  first  place,  a  great 
confusion,  or  it  may  be  a  great  similitude,  between  the  cumulus 
and  the  cumulo-stratus ;  afterward  I  observe  iu  the  sky  other  cumnti, 
whose  characters  partake  of  more  than  these  two  types ;  for  example, 
M.  Eiimtz's  defluittons,  which  are  generally  accepted.  M.  Kiimtz  says: 
"  The  cumulus  is  often  seen  in  the  form  of  a  hemisphere,  reposing  upon  a 
horizontal  base.  Sometimes  these  hemispheres  are  piled  one  ujjon  th« 
other,  forming  those  great  clouds  accumulated  at  the  horizon,  which 
resemble  at  a  distance  mouutaius  of  snow." 

Now  for  the  cumulo-stratus:  "When  the  cumxilus  is  piled  up  and 
becomes  more  dense,  it  passes  to  the  state  of  cumulo-straiux,  which  often 
takes  at  the  horizon  a  black  or  bluish  tint  and  })asses  to  the  state  of 
nimbus  or  rain-cloud."  Thus,  it  is  sufficient  that  the  cumulus  be  piled 
up  and  become  more  dense  in  oixler  to  be  changed  into  cumulo-stratus, 
strikingly  implying  great  development  in  the  horizontal  base,  which  is 
not  mentioned,  though  it  is  one  of  the  most  essential  chamcters  of  this 
type  of  clouds.  While,  on  the  other  liand,  tliis  horizoutal  base  is 
expressly  pointed  out  in  KJimtz's  definition  of  cumulus.  In  a  word, 
these  fundamental  poiuts  are  found  equally  in  the  formation  of  cumulus 
and  cumulo-stratus :  1st,  a  horizontal  base ;  2d,  a  superior  hemispherical 
dome;  3d,  a  formation  by  increase  from  below  upward.  The  points  of 
diffei-eueo  as  to  the  cumuhstratus  rest  upon  the  irregularity  of  the 
base  of  the  convex  summits,  and  the  aggtcgatwvv  (sova  Wji's  >a.v»''*-"^*-N 
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upon  the  greater  density,  dark  coloring,  and  semblance  of  their  isolated 
masses  to  a  mountain  chain.  Tliese  difterences  are  so  accidental  and 
insignificant  that  Howard  and  Forster  could  not  distinguish  them 
in  their  definitions,  and  they  are  forced  to  aver  that  these  characters 
\vere  found  here  and  there  at  such  points  that  they  were  easily  con- 
founded. We  see  there  is  no  reason  to  maintain  a  radical  separation 
and  a  double  denomination  for  two  forms  of  clouds  which  are  of  the  same 
kind  and  whose  slight  modifications  are  not  even  continued.  It  is 
therefore  more  exact  to  preserve  the  single  denomination  oi  cumuUiH  for 
this  second  type,  which  embnices  at  once  the  two  characteristic  forms 
of  cloud — on  the  one  side  the  accumulation  of  hemispheres,  and  ou  the 
other  the  horizontal  base,  which  are  always  inseparable. 

Let  us  now  pass  to  Kiim.tz's  description  of  strato-cumuhat:  ^'It  is 
composed  of  dense  cloudy  masses,  round  or  extended,  badly  defined  at 
the  edges,  which  appear  in  the  afternoon,  increasing  toward  evening, 
until  during  the  night  the  whole  sky  is  completely  covered,  disappearing 
the  next  morning  sonie  hours  before  sunrise  and  finall}^  replaced  by  the 
true  cuniulm.  These  strato-cumuli  are  composed  of  very  dense  versicular 
vapor,  like  the  cumuli  and  cumulo-strati.  They  differ  by  their  dependence 
on  different  hours  of  the  day ;  they  have  also  some  analogy  with  the 
strati  by  reason  of  their  extension,  but  are  distinguished  by  greater 
altitude;  yet  they  approach  the  cumuli.  In 'winter  the  stratO'Cumulm 
often  covers  the  sky  during  entire  weeks;  but  as  the  sun  approaches 
the  zenith,  his  rays  dissolve  these  clouds,  the  vapors  rise,  and  the 
citmnli  are  formed."  We  find  again  in  Kiinitz's  definition  of  strato- 
cumnluH  the  same  confusion  as  in  Uo ward's  description  of  cumulostratus, 
which  I  pointed  out  above.  The  terms  "cloudy  masses  rounded^  ex- 
tended, or  yet  badly  defined  at  the  edges,"  embraee  three  expressions 
which  are  mutually  exclusive,  so  that  it  is  impossible  to  know  the  true 
form  of  the  cloud,  for  if  the  cloudy  masses  are  rounded  they  are  not 
extended  in  Kiimtz's  sense,  and  still  less  are  their  edges  badly  defined. 
As  to  the  physical  constitution  of  the  strato-cumulus^  it  is  the  same, 
according  to  Kiimtz,  as  that  of  cwnulus  and  cumulo  stratus^  that  is  to 
say,  composed  of  very  dense  versicular  vapor. 

In  ^ni'^^  '-■'  the  stratO'Cuniulm  approaches  the  stratus  by  its  exterior,  but 
is  separated  from  it  by  greater  altitude."  I  have  already  said  that  we 
(!an  compare  the  stratus-mist  with  no  other  form  of  cloud.  Hence  no- 
thing remains  but  the  hour  of  the  appearance  and  disappearance  of  the 
strato-cumulus,  (which  «eems  to  be  the  fundamental  distinction  Kiimtz 
Avished  to  establish,)  to  separate  them  from  the  cumulus  and  cumulo- 
stratusj  added  to  their  continuance  in  winter  for  whole  weeks  at  a  time. 
In  a  word,  the  strato-cumidi,  with  Kiimtz,  are  the  clouds  of  the  night 
and  of  winter,  predominating  during  the  abvsence  of  the  solar  rays,  and 
dissolved  on  the  appearance  of  the  sun.  On  this  latter  circumstance, 
we  remark  that  the  distinction  of  clouds  of  the  night  made  by  Kiimtz 
and  Howard  apY^eava  to  Aivwe  wo  ^o\v\i^vxXX»\i*^\  V^x^  wsiixvss.  \^^^3?s.*^\ft. 
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to  perceive  thera.  So  true  is  this,  that  these  two  savants  are  nowise 
agreed  upon  tliis  point,  which  has  given  rise  to  the  new  variety  of  Kiinitz. 
With  Kiiuitz,  the  cloud  of  night  is  the  8tratO'Cumulm,v^\u\G  with  How- 
ard it  is  the  stratus.  On  the  other  hand,  since  the  stratus  is  not  a  true 
cloud  according  to  Howard  himself,  but  simply  a  mist  or  hoar-frost,  the 
distinction  between  the  cloud  of  night  and  the  cloud  of  day  must  be- 
cpme  wholly  superfluous.  I  will  close  this  proof  of  the  non-existence  of 
stratO'Cumukis  by  reminding  the  reader  that  Kiimtz  himself  told  me 
before  his  death,  without  discussion,  that  he  no  longer  attached  any  im- 
portance to  his  cloud  of  night,  and  authorized  me  to  erase  it  from  the 
nomenclature  of  Howard.  In  the  exposition  of  my  new  classification  of 
clouds,  published  in  1855,  in  the  Annual  of  the  Meteorological  Society  of 
France^  while  pointing  out  the  identit3-  of  the  cwmulus^ndcuviulo  stratus^ 
I  retained  both  these  determinations,  because  the  term  cumulus  did  not 
designate  its  peculiar  cloud-type  as  w ell  as  cumulo  stratus.  But,  as  cumu- 
lo-stratus  is  derived  from  two  species  of  clouds,  it  is  i)referable  to  keep 
the  generic  u'dme  of  cumulus  fov  the  two  identical  clouds  described  by 
Howard,  attributing  to  them  the  character  given  above. 

DEFINITION  OF  CLOUDS. 

Every  country,  according  to  its  geographical  position,  topography,  &c., 
havS  its  own  type  of  clouds.  Here  the  cirrus  i)redominates ;  there  the 
cumulus.  All  these  different  appearances  of  clouds  are  everywhere  in- 
timately connected  with  some  particular  condition  of  climate,  which 
l)owerfully  influences  health,  agriculture,  navigation,  and  a  thousand 
other  objects  of  importance  to  humanity.  They  show  us  at  eyery  in- 
stant the  direction,  the  velocity,  and  the  altitude  of  the  superior  cur- 
rents which  afterward  determine  the  winds  at  the  surface  of  the  earth. 
We  may  regard  the  clouds  as  a  weathercock  in  the  sky,  constantly  indi- 
cating changes  so  long  as  a  single  one,  however  small,  exists,  and  there- 
fore a  profound  study  of  them,  in  their  diverse,  scientific,  and  social  ap- 
plications, becomes  of  high  importance.  For  this  we  should  consider 
their  nature,  form,  quantity,  direction,  velocity,  and  azimuthal  rotation. 

Despite  the  scientific  interest  and  the  practical  value  which  is  attached 
to  this  subject,  the  study  of  clouds  is  unhappily  in  its  infancy.  It  is  rarely 
we  find  clouds  included  in  the  meteorological  registers,  and  when  they 
are  so  the  characteristics  above  mentioned  are  omitted.  Some  observers 
simply  write  *'  clouds ; "  others  denote  the  fotm,  or,  it  may  be,  the  quantity, 
the  direction,  or  perhaps  all  these  three  elements,  but  neglect  the  velocity, 
and  especially  the. azimuthal  rotation  to  which  I  was  the  first  to  call 
attention  and  which  is  not  yet  understood. 

We  now  proceed  to  present  the  basis  of  a  new  classification  more  in 
harmony  with  the  actual  facts  of  the  science,  and  which  is  the  fruit  of 
twenty  years'  assiduous  study  of  clouds  in  the  Antilles,  Mexico,  the 
United  States,  and  Europe.  From  the  beginning  of  my  meteorological 
investigations  in  the  tropics,  where  the  entire  phenomena  of  the  atmo- 
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sphere  assuino  a  character  of  simplicity  unknown  in  higher  latitudes,  I 
have  more  apd  more  felt  the  necessity  of  a  reform  of  Howard's  nom- 
enclature. I  was  unable  to  understand  his  stratus^  nimbus^  cumulo- 
HtraiuSy  and  siratoc^imultis.  It  was  not  until  I  had  an  opportunity  to 
consult  Howard's  original  work  that  I  perceived  the  errors  into  which 
Kiimtz  and  other  meteorologists  bad  fallen.  I  had  then  to  introduce 
iuto  Howard's  classification  the  modifications  which  the  continued  prog- 
ress  of  meteorology  requires,  in  order  that  the  nomenclature  may 
be  more  in  harmony  with  our  advances  in  this  line.  I  acknowledge 
with  pleasure  that  Howard's  classification,  which  has  existed  without  a 
rival  for  more  than  half  a  century,  was  originally  based  upon  profound 
study,  directed  by  great  acuteness  of  observation ;  unhappily,  however, 
it  is  too  plainly  stamped  by  the  locality  where  his  studies  were  prose- 
cuted. I  refer  to  the  gray  and  cloudy  sky  of  Great  Britain,  whence 
result  his  Htrato-misty  his  imperfect  distinction  of  the  two  great  strata 
cirrm  and  cumiilusj  or  his  nimbusj  (the  rain-cloud,)  the  difference  which 
he  has  established  between  ctimulm  and  cu»iMto-«tratit«,  besides  many 
other  faulty  details  of  descrix>tion  in  relation  to  cirrus^  cirro-atratusj  and 
cirro-cumulus. 

I  shall  now  proceed  to  give  the  derivation  of  my  thre^  new  clouds. 
When  certain  clouds  spread  out  uniformly  over  the  whole  face  of  the 
heavens  and  assume  a  gray  or  ash  color,  under  which  state  rain  may 
occur  for  hours  or  whole  days,  what  name  do  we  give  them!  They  are 
not  Howard's  niinhm,  as  we  conceive  them,  and  as  they  are  generally 
described;  they  are  neither  stormy  nor  electrical;  they  yield  only  a  fine 
and  continuous  rain.  Under  this  stratum  we  see  constantly  other  clouds 
of  more  or  less  extent,  but  always  isolated,  becoming  lost  in  it  and 
increasing  its  thickness.  But  just  before  this  stratum  begins  to  break 
u[),  and  during  this  operation,  we  see  these  same  formless  fragments 
detiujh  themselves  and  fly  to  other  regions.  This  inferior  stratum  is  not 
alone;  for  when  its  disruption  is  completed  we  see  through  it  another 
stratum  of  clouds,  whiter  and  less  dense,  which  breaks  up  in  its  turn, 
and  ends  by  disappearing  in  an  opposite  direction  to  that  of  the  inferior 
stratum.  Have  we  a  name  for  this  variety  of  cloud  so  common  in  time 
of  rain  from  the  intertropical  regions  to  high  latitudes,  especially  in 
winter  during  the  fall  of  snow!  Does  Howard's  term  nimbitJi  and  his 
description  of  it  answer  for  its  designation!  Certainly  not.  We  apply 
the  name  nimbus  to  the  single  storm-cloud,  as  well  as  to  this  inferior 
stratum,  or  to  the  united  strata,  and  this  without  electrical  manifesta- 
tions. To  this  cloud  I  give  the  name  pallium.  When  the  superior 
stratum  is  formed  of  cirrus  it  constitutes  the paUiocirruSj  and  when  the 
inferior  stratum  is  formed  of  cumulus  it  constitutes  the  pall io  cumulus. 
The  fragments  of  cloudi^,  which  differ  entirely  from  the  cumulus  or  cumulo- 
stratus^  are  the  froA^to  cumulus. 

From  what  has  been  said,  the  necessity  of  distinguishing  these  two 
strata  by  different  names  is  evident*,  but  this  necessity  results,  more- 
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over,  from  the  fact  tliat  the  stratum  of  cirrus  is  formed  many  hours,  and 
even  days,  before  that  of  cumulus,  especially  in  the  equatorial  regions, 
and  disappears  after  it.  Without  this  distinction,  we  are  obliged  to  call 
the  first  stratum  of  the  pallium  cirrus,  and  the  second  ctimulus;  but  as, 
under  this  state  of  strata,  the  form  and  physical  properties  of  cirrus  and 
cumulus  change  completely,  confusion  and  errors  continually  result. 

Regarding  Howard's  classification  as  a  whole,  while  retaining  the  two 
types  of  cirrus  and  cumulus,  together  with  his  two  derivative  clouds, 
cirro-stratus  and  cirro-cumulus,  1  reject  entirely  his  stratus,  nimbus,  and 
cumulo-stratus,  as  well  as  the  strato-cumulus  of  Kiimtz,  for  the  following 
reasons :  The  stratus,*  because  it  is  not  (according  to  Howard)  a  cloud 
properly  so  called,  but  a  mist,  or  hoar-frosty  or  the  effect  of  optical  illu- 
sion, a  cirrus,  cirro-stratus,  or  cirro-cumulus,  seen  in  perspective  near  the 
horizon;  the  nimbus,  for  the  reason  that  the  name  is  an  inexact  denom- 
ination applied  to  an  idea  as  vague  as  it  is  incorrect  from  the  moment 
that  cumulus  is  not  truly  rainy,  as  far  as  it  is  found  displayed,  forming 
a  stratum  as  dense  in  appearance  and  below  a  second  superior  stratum 
of  cirrus,  equally  rainy;  the  cumulo-stratus^  because  it  differs  in  nothing 
from  cumulus,  according  to  Howard's  own  definition,  these  two  forms 
possessing  in  common  the  three  fundamental  characteristics  of  his  cloud- 
types  and  their  derivatives,  namely,  horizontal  bases,  superior  hemi- 
spherical basins,  and  the  ascending  aggregation  of  their  aqueous  parti- 
cles ;  and,  lastly,  stratocumulus,  (Kamtz's  cloud  of  night,)  because  this 
modification  answers  no  better  to  clouds  of  night  than  Howard's  stratus, 
and  because  its  other  characteristics  correspond  to  cumulo-stratus. 

On  the  other  hand,  as  I  have  said  before,  I  substitute  for  nimbus  the 
pallium,  which  I  subdivide  into paUio-cirrus  and palliocumulits,  accord- 
ing as  its  stratum  is  composed  of  cirrus  or  cumulus.  This  term  has  the 
triple  advantage  of  embracing  the  character,  the  form,  and  the  effect,  as 
the  cirrus  or  cumulus  forms  the  rainy  stratum.  I  introduce,  in  fine,  the 
definition  of  a  second  intermediate  form,  which  can  be  rigorously  distin- 
guished from  the  preceding  by  the  double  relation  of  cause  and  effect. 
This  is  the  fractocumulus,  fragments  of  cloud  floating  about  without 
determined  form.  Before  their  transformation  into  cumuluSj  they  are 
precipitated  or  detached  from  the  inferior  surface  of  pallio-cumulus,  and 
are  spread  out  in  horizontal  bands  at  the  top  of  the  cumulus  on  the  ap- 
proach of  gusts  of  wind.  These  fracto-cumuli  differ  from  the  cumulus 
in  that  they  have  neither  the  honzontal  base  nor  the  superior  hemi- 
spherical form,  while  they  are  not  much  extended ;  but  when  they  are 
a  little  more  increased  we  see  at  once  forming  at  the  center  of  the  frag- 
ment a  space  more  dense  and  blackish  than  the  rest,  which  gradually 
settles  until  it  constitutes  the  horizontal  base  of  the  cumulus,  {vol  cu- 


*  III  IIoward'8  Plate  VI,  published  iQ  Tilloch's  Philosophical  Magazine,  in  18U3,  ho  rep- 
resents this  cloud  as  a  mist  spreading  above  a  lake  surrounded  by  hills.  All  succeeding 
meteorologists  have  misunderstood  this  idate,  and  given  the  stratus  aa  a  hand  spread 
out  at  the  horizon. 
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m^do-strafiffi^)  the  upper  part  becoming  rounded  by  degrees.  Thus  tbe 
fractO'CumuIus  is  the  infancy  of  the  cumulus^  otherwise  called  eumuh 
stratuSj  the  terms  being  synonymous. 

This  new  chissification  is  wholly  based  upon  the  nature^  the /onw,  the 
quantiti/j  the  direction^  the  velocity^  and  azimuthal  rotation  of  the  doiuU 
of  each  stratum,  lully  characterized  by  the  origin,  intimate  constitution 
and  meteoric  products  of  the  vesicular  vapors  and  congealed  particles 
which  constitute  them ;  for,  in  the  intimate  nature  of  clouds,  there  is 
one  fundamental  condition  to  be  established,  depending  upon  the  pby. 
sical  force  which  first  acts  upon  their  constitution :  it  is  the  element  of 
heat  Clouds  are  therefore  distinguished  into 8now-clouds awd  iceclond%^ 
of  which  the  constituent  particles  are  more  or  less  congealed;  then  into 
clouds  of  aqueous  vapor,  of  which  the  vesicles,  empty  or  full,  float  iua 
medium  above  the  freezing-point. 

Under  this  fundamental  aspect,  there  are  but  two  types  of  clouds, 
properly  so  called,  the  cirrus  and  the  cumulus.  To  the  cirrus  are  attached 
three  transitional  forms,  the  cirro-stratus  jcirro-cumulusj  and  pall  iocinits; 
and  to  the  cumulus^  two  other  transitional  fovmHf  the  pallio-cumulus  and 
the  fracto-c u m  u lus. 

The  following  is  a  table  of  my  fiew  classification  of  clouds  compared 
with  that  of  Howard : 

NOMEXCLATUKE   OF  HOWARD. 

First  type Cirrun. 

Cirro-stratus. 


J  Cirro-sl 
\  Cirro-ei 


Derivatives , 

(  Cirro-eiimulus. 

Second  type Cumulus. 

Derivatives Cumulo-stratns. 

Third  type Stratus. 

Derived  from  the  three  types. -Nimbus. 

NEW   NOMEXCLATUltE   OF  POKY. 

First  tyi)e Cin-us ^ 

f  Cirro-stratus I 

Derivatives  ...J  Cirro-cumulus >Ice  clouds;  snow  clouds. 

y  Pallio-cirrus J 

Second  type Cumulus \ 

Derivatives  J  Pallio-cumulus >  Clouds  of  aqueous  vapor. 

(  Fracto-cumulus J 

The  nomenclature  I  have  adopted  appears  more  in  accordance  with 
the  nature  of  clouds,  for  this  reason,  that  the  two  types,  cirrus  and  cumu- 
lusj  are  strictly  based  upon  the  constitution  of  ice  and  snotv  clouds  and 
of  clouds  of  aqueous  vapor;  while  there  is  no  proof  of  the  existence  of 
Howard's  third  type,  since,  according  to  this  savant,  it  is  a  mist  which 
overspreads  the  earth  at  sunset,  but  is  raised  in  the  morning  at  the  first 
appearance  of  the  sun.  My  nomenclature  offers  the  same  number  of 
cloud  forms;  that  is  to  say,  seven,  two  types  and  five  derivatives. 

The  order  in  which  tlie  clouds  are  placed  in  my  table  corresponds  at 
the  same  time  to  t\ie  ordet  ol  l\\^\t  vv\\\>vi*ii\^\i^!ft^^iYvyKsv\\\ft\i\s^ 
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of  tbe  cirrus  down  to  those  nearest  the  earth  where  the  fracto-cumulus 
is  produced,  as  the  vapor  of  water' passes  from  the  state  of  frozen  par- 
ticles to  that  of  aqueous  globules,  or  vice  versa.  However,  the  pnUio- 
cumuluSy  which  serves  as  a  transition  from  the  two  types  and  their  deri- 
vatives, is  found  a  little  more  elevated  than  the  cumulus, 

I  have  thought  it  proper  to  modify  Forster's  nomenclature  by  substi- 
tuting names  more  in  harmony  with  the  form  and  nature  of  clouds.  I 
give,  in  continuation,  the  old  and  the  new  classification  : 

Forster'u  nonieuclatare.         Pocy's  nomencUitare. 

CiiTus CwrZ-cloiid CmW-cIoucI, 

Cirro-stratus TTaMC-cloud Thread-doiid. 

Cirro-cumulus Sonder-c\om\ Curdled-cloud, 

Pjillio-cirrus Sheet-cloud, 

Cumulus Stackai'Clond Mount-cloud, 

Pjillio-cumulus Rain-clond. 

Fracto-cumulus TTind-cloud. 

With  the  exception  of  cirrus,  whose  name  c?(r/- cloud  approaches  near- 
est the  form  of  that  cloud,  all  the  determinations  have  been  changed. 
The 2>Mlo  cumulus  replaces  the  nlmbusj  also  named  rain-cloud. 

T. — Cirrus,  (Howard.) 

Curl-cloud — cirruSy  so  named  by  Howard,  (the  "  cat's-tail '^  of  sailors, 
illustration  No.  I,  figs.  1,  2,)  is  composed  of  filaments  which  resemble  a 
twisted  tuft  of  curled  hair,  (illustration  No.  I,  figs.  3,  4,)  plumage,  (^g. 
5,)  the  flowing  tail  of  a  horse,  (illustration  No.  II.  fig.  6,)  or  a  tine  pencil, 
(illustration  No.  Ill,  fig.  7;)  at  other  times  are  disposed  in  long,  straight 
bands,  parallel  to  each  other,  or  divergent,  palmated,  or  like  a  herring- 
bone or  vertebral  column,  (illustration  No.  IV,  fig.  8,)  their  greater  axis 
oriented  according  to  the  sailing  of  the  cloud  and  the  direction  of  th^  wind 
at  that  altitude,  which  soon  makes  itself  felt  at  the  surface  of  the  earth. 
When  it  forms  two  or  more  systems  of  straight,  parallel  bands,  by  an 
effect  of  perspective  they  appear  to  diverge  from  their  point  of  dei>art- 
lire  at  the  horizon,  and  to  converge  toward  the  point  of  the  horizon  op- 
posite, as  do  the  rays  of  the  rising  and  setting  sun. 

The  cirrus  is  always  white — sometimes  brilliant,  sometimes  pearly- 
dull.  The  earliest  and  latest  reflections  of  the  solar  rays  upon  these 
clouds  color  them  with  a  delicate  rosy  tint,  more  or  less  intense,  accord- 
ing to  their  density.  Their  movement  is  exceedingly  slow,  and  their 
altitude  is  not  less  than  10,000  yards,  (more  than  six  and  a  quarter 
miles.)  These  clouds  are  the  highest,  apparently,  slowest,  most  rarified, 
most  variable  in  their  forms,  and  the  most  extended.  The  appearance 
or  disappearance  of  cirrus  i)roclaims  the  end  or  the  commencement  of 
good  weather.  The  barometer  sinks  and  then  rises,  all  the  accomi)any- 
ing  meteorological  phenomena  undergoing  a  similar  change.  We  quote 
from  Howard: 

They  are  first  indicated  by  a  few  threads  penciled,  as  it  were,  on  the  sky.    These  in- 
crease ill  lenjjth,  and  now  ones  are  in  the  mean  t^me  added  to  them.     Often  the  iirst- 
fonned  tlireada  serve  as  stoma  to  support  numeTouaA5xa)CLc\iei^,'^V\0cL\\i\X^^vtVv»s^ 
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rise  to  others.    The  increase  is  sometimes  perfectly  indeterminate ;   at  othecs,  it  ban  a 
veiy  decided  direction.    Thus  the  first  few  threads  being  once  formed,  the  remaindei 
will  be  propagated  in  one  or  more  directions  laterally,  or  obliquely  upward  or  down- 
ward, the  direction  being  often  the  same  in  a  great  number  of  clouds  visible  at  the 
same  time ;  for  the  oblique,  descending  tufts  appear  to  converge  toward  a  point  in  the 
horizon,  and  the  long,  straight  streaks  to  meet  in  opposite  points  therein ;  which  is 
the  optical  eflfect  of  parallel  extension.    The  upward  direction  of  the  libers  or  tufts  of 
this  cloud  is  found  to  be  a  decided  indication  of  rain;  the  downward  as  decidedly  indi- 
cates fair  weather.    Their  duration  is  uncertain,  varying  from  a  few  minat«8  after  the 
first  appearance  to  an  extent  of  many  hours,  and  even  days.    It  is  long  when  they 
appear  alone  and  at  great  heights,  and  shorter  when  they  are  formed  lower  and  in  the 
vicinity  of  other  clouds.    This  modification,  although  in  appearance  almost  motionless, 
is  intimately  connected  with  the  variable  motions  of  the  atmosphere.    Consideriug 
that  clouds  of  this  kind  have  long  been  deemed  a  prognostic  of  wind,  it  is  extraordi- 
nary that  the  nature  of  this  connection  should  not  have  been  more  studied,  as  tbo 
knowledge  of  it  might  have  been  productive  of  useful  results.    In  fair  weather,  with 
light,  variable  breezes,  the  sky  is  seldom  quite  clear  of  small  groups  of  the  obliqae 
cirru8f  which  frequently  come  on  from  the  leeward,  and  the  direction  of  their  increase 
is  to  windward.    Continued  tcet  weather  is  attended  with  horizontal  sheets  of  this 
cloud,  which  subside  quickly  and  pass  into  the  cirro-stratus.    Before  storms  they  ap- 
pear lower  and  denser,  and  usually  in  the  quarter  opposite  to  that  from  which  the 
storm  arises.    Steady,  high  winds  are  also  preceded  and  attended  by  streaks  running 
across  the  sky  in  the  direction  they  blow  in. 

II.— ClEEO-STRATUS,  (HOWAED.) 

Thread-cloudy  (illastratious  Noa.  V  aud  VI.) — Howard's  cirro-stratus  \^ 
distinguished  from  the  pare  cirrus  by  its  filaments  being  smaller,  more 
compact,  more  ramified,  and,  so  to  say,  completely  stratified.  Tbej'  are 
lower  and  more  dense,  for  the  sun's  rays  often  pierce  them  with  difficulty. 
Their  whitish  tint  is  clearer,  and  it  becomes  rose-color  in  similar  circum- 
stances. Their  motion  is  a  little  more  rapid.  When  at  the  horizon,  we  only 
8eeing*the  vertical  projection,  they  take  the  appearance  of  a  long  and  very 
narrow  band.  According  to  Howard, "  this  cloud  appears  to  result  from 
the  subsidence  of  the  fibers  of  the  cirrus  to  a  horizontal  position,  at  the 
same  time  that  they  approach  each  other  laterally.  The  form  and  rela- 
tive positioA,  when  seen  in  the  distance,  frequently  give  the  idea  of 
shoals  of  fish.  Yet  in  this,  as  in  other  instances,  the  structure  must  be 
attended  to  rather  than  the  /orm,  which  varies  mucb,  presenting  at 
times  the  appearance  of  parallel  bars,  or  interwoven  streaks  like  the 
grain  of  polished  wood.  It  is  thick  in  the  middle,  and  attenuated 
toward  the  edge.  The  distinct  appearance  of  a  cirrus^  however,  does 
not  always  precede  tbo  production  of  this  and  the  last  nioditiciitiou. 
The  cirro-stratus  precedes  tcind  and  rain^  the  near  or  distant  approach 
of  which  may  sometimes  be  estimated  from  its  greater  or  less  abund- 
ance aud  permanence.  It  is  almost  always  to  be  seen  in  the  inter- 
vals of  storms.  Sometimes  this  and  the  cirro-cumulus  appear  together 
in  the  sky,  and  even  alternate  with  each  otber  in  the  same  cloud,  when 
the  difierent  evolutions  which  ensue  are  a  curious  spectacle  ;  aud  a  judg- 
ment may  be  formed  of  the  weather  likely  to  ensue  by  observing  which 
modification  finaWy  pi^vaVV^.    ^Vi^  clvTo-^tTatus  i«»  the  modification  which 
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most  frequently  exhibits  the  pbenoinena  of  the  solar  and  lunar  halo,  and 
(as  inferred  from  a  few  observations)  also  the  parhelion  and  paraselene. 
Hence  the  reason  of  the  prognostic  of  foul  weather,  commonly  drawn 
from  the  appearance  of  halo.  The  frequent  appearance  of  halo  in  this 
cloud  may  be  attributed  to  its  possessing  great  extent  at  such  times 
with  little  perpendicular  depth,  and  the  requisite  continuity  of  substance. 
This  modification  is,  on  this  account,  peculiarly  worthy  of  mvestiga- 
tiou.'^ 

III. — Cirro-cumulus,  (Howard.) 

Curdledcloudj  (illustrations  Nos.  VII  and  VIII.) — It  is  suflavjient  that  the 
§eirrO'8tratm  sinks  a  little,  or  that  the  temperature  of  the  region  it  occu- 
pies be  slightly  elevated,  in  order  to  give  birth  to  Howard's  cirro-cumu- 
lus. In  the  first  place,  the  axes  of  the  striae  grow  round ;  then,  by  de- 
grees, the  entire  stratification  becomes  so,  until  it  resembles  carded  cot- 
ton, which  we  call  frizzled  clouds  or  curdled  sky ;  in  French,  when  it  is 
completely  covered,  moutonnis  or  pommeU;  in  Spanish,  cielo  empedrado. 
On  the  contrary,  if  the  cirro-cumulus  is  elevated  a  little,  or  the  tempera- 
ture is  lowered,  it  returns  to  the  type  of  cirro-stratus. 

The  cirro-cumulus  is  more  dense  and  lower  than  the  cirro-strattiSj  from 
which  it  is  derived,  though  generally  the  edges  of  the  small  accumula- 
tions or  of  the  entire  mass  of  cloud  are  transformed  into  cirro-stratuSy 
wherever,  from  a  greater  elevation  or  a  lower  temperature,  the  congela- 
tion is  more  vigorous.  Its  motion  is  also  more  rapid,  its  color  slightly 
grayish,  and  it  may  be  tinged  rose-color  or  rather  reddish. 

The  cirro-stratusj  and  especially  the  cirro-cumulus,  is  remarkable  from 
a  characteristic  of  the  highest  importance,  w^hich  has  escaped  the  sagacity 
of  Howard  and  his  successors,  viz,  the  distribution  of  congealed  aqueous 
vapor.  It  exists  in  the  most  fantastical  combinations,  reproducing  all  the 
formations  of  our  continents  and  seas.  Here,  a  deep  bay  with  promon- 
tories, capes,  peninsulas,  isthmuses,  &C.5  there,  a  river,  brooks,  lakes, 
&c.;  fartlier  on  vast  continents  and  open  seas.  The  outlines  and  the 
entire  mass  of  each  of  these  are  besprinkled  with  cirro-cumulus,  some- 
times edged  with  cirro-stratus^  whose  volumes  of  little  balls  diminish  and 
vanish  from  center  to  circumference,  while  in  the  empty  spaces  is 
the  purest  azure  of  the  heavens.  (Plate.)  Should  it  be  a  lake,  the 
water  will  be  represented  by  the  blue  sky,  and  terra  firma  by  the  cirro- 
cumulus  which  surrounds  it.  By  carefully  studying  all  these  transfor- 
mations, we  can  observe  in  them  a  striking  analogy  to  the  phenomena 
of  the  precipitation  and  congelation  of  dew.  There  must  be  at  this 
altitude,  in  the  same  stratum,  one  above  the  other,  portions  of  the  atmo- 
sphere having  different  degrees  of  density  and  of  temperature,  in  order 
that  the  congelation  of  aqueous  vapor  should  take  place  in  so  variable 
a  manner. 

The  influence  of  cirro-cumulus  upon  the  temperature  at  the  surface  of 
the  earth  is  so  marked  that  the  human  body  feels  it  at  once.  A  curdled 
sky  at  the  new  moon,  on  a  calm  night  in  tU©  iTOV^e,^'^^'^  \Ni^nn  ^wk^^^'s^c 
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tivcly  glacial,  an  effect  probably  due  to  tire  nearness  and  the  qaantity 
of  snow  which  compose  this  type  of  clond. 

The  cirrus  being  much  more  elevated  and  the  cirro-stratus  much  less 
abundant,  although  both  formed  of  glacial  aiglets,  have  not  the  same 
induence  on  terrestrial  temperature.  According  to  Iloword,  the  cirro- 
cumulus  is  formed  from  a  cirrus,  or  a  number  of  small  separate  cirrm 
by  the  fibers  collapsing,  as  it  were,  and  passing  into  small,  roundish 
masses,  in  which  the  texture  of  the  cirrus  is  no  longer  discernible, 
although  they  still  retain  somewhat  of  their  relative  arrangement.  Tills 
change  takes  place  either  throughout  the  whole  mass  at  once,  or  pro 
gres^ively  from  one  extremity  to  the  other.  In  either  case  the  same 
effect  is  produced  on  a  number  of  adjacent  cirri  at  the  same  time  aiid^ 
in  the  same  order.  It  appears  in  some  instances  to  be  accelerated  bv 
the  approach  of  other  clouds.  This  moditicnition  forms  a  very  beautiful 
sky,  sometimes  exhibiting  numerous  distinct  beds  of  these  small  con- 
nected clouds,  floating  at  different  altitudes.  The  cirro  cumulus  Is 
frequently  seen  in  summe^  and  is  atten<lant  on  warm  and  dry  weather. 
It  is  also  occasionally  and  more  sparingly  seen  in  the  intervals  of  showers 
and  in  winter.  It  may  either  evaporate  or  pass  to  the  cirrus  or  cirro- 
stratus, 

IV.— Pallium,  (PoiiY,)  (vel  nimhus,  Howard.) 

Under  the  generic  name  of  i)aUium  I  have  classed  two  forms  of  cloud, 
which  present  the  appearance  of  a  mantle  or  veil  of  considerable  extent, 
of  very  compact  texture,  well  defined  at  the  edges,  of  excessively  slow 
motion,  and  embracing  the  visible  vault  of  the  sky.  As  the  pallium  is 
formed  of  cirrus  or  of  cumulus^  it  is  distinguished  into  2>cillio-('if'ruJi  and 
pallio  cumulus.  The  appearance  of  this  cloud  signalizes  bad  weather, 
and  its  disappearance,  good  weather. 

The  stratum  of  palliodrrus  is  first  produced,  and  some  hours  or  days 
afterward  that  of  pallio  cumulus  is  formed  under  it.  These  two  strata 
remain  in  view  at  a  certain  distance  from  each  other,  and  in  their  recip- 
rocal action  and  reaction  are  accompanied  with  storms  and  heavy  rains, 
and  with  considerable  electric  discharges.  They  are  both  electrified, 
but  with  contrary  signs;  the  superior  stratum  of  cirrus  is  negative,  and 
the  inferior  one  of  cumulus  is  positive,  the  same  as  the  rain  which  is 
disengaged,  wiiile  the  electricity  of  the  air,  at  the  surface  of  the  earth, 
is  negative.  But  when  these  two  strata  attract  each  other  a  discharge 
is  produced,  and  the  inferior  stratum  continues  to  pour  out  the  surplus 
w  ater  it  contained,  without  giving  any  sign  of  electricity,  more  than  the 
air  in  contact  with  the  earth.  This  state  continues  until  the  inferior 
stratum  oi)ens,  afterward  the  superior,  and  then  disappear,  one  after 
the  other,  fine  weather  succeeding.  The  pallium  chiefly  predominates 
during  the  rainy  season,  in  tropical  regions,  and  in  the  higher  latitudes 
during  winter,  at  the  time  of  falls  of  snow.  A  part  of  the  pallio  cumulus, 
which  has  not  been  reduced,  or  has  not  been  scattered  to  other  regions, 
gathers  at  tlie  horVzou,  aYiOi  \^  \x^v\'!S»i'^^\\ifeviV\i\si  >Q«\fc  ^iurnxj^XxxA*    k.%  \s5k  ^kss^ 
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paUiO'Cirrmj  it  disappears  entirely  if  fine  weather  is  maintained.    Let  us 
now  see  what  are  the  inherent  characters  of  the  two  jjallio. 

V. — ^Pallio-cirrus,  (PoiiY.) 

jS^cef-c?ow^,(illustration  No.  IX.) — The lyalliO'eirru^  is  formed  by  the  accu- 
niulation  of  a  cirrocmnulus,  which  is  visibly  sinking,  or  apiiears  already 
formed  toward  a  point  of  the  horizon  in  the  stratnm,  corresponding  to  tliis 
latter  type.  In  the  first  case  it  is  a  little  lower,  more  dense,  less  compact, 
more  rapid  in  its  movement,  grayish,  and  often  shows  some  traces  of  polari- 
zation. In  the  second  case  it  is  a  little  higher,  less  dense,  more  comi)act, 
less  rai>id,  i)early  whitish,  impenetrable  to  the  solar  rays,  and  without  a 
trace  of  polarization.  In  the  two  cases  it  appears  generally  in  the  south- 
westerly horizon,  showing  the  i)resence  of  the  superior  equatorial  cur- 
rent, and  determining  the  fall  of  rain  while  it  remains  above  and  oppo- 
site the  pallio-cumtUus.  When  a  breach  is  made  in  this  inferior  stratum 
it  is  speedily  produced  in  that  of  the  palHo- cirrus ;  sometimes  it  has 
already  been  formed  in  the  latter.  After  the  rupture  of  this  stratum, 
the palUo-cirrm  is  transformed  into  cirrocumulus^  studded  with  cirro- 
atratus.  On  the  approach  of  pallio  cirrus  we  observe  the  following  me- 
teorological manifestations :  the  barometer  falls,  the  thermometer  rises, 
the  relative  humidity  increases,  the  tension  of  vapor  diminishes,  and 
a  little  after  the  wind  at  the  earth  is  felt  from  that  direction. 

VI. — Cumulus,  (vel  cumulo-stratus,)  (Howard.) 

Mount-cloudy  (illustrations Nos.  X  and  XI.) — Howard's  cumvluH^{ovcximU' 
lostratusj)  summer  knd  aqueous  vesicle  clouds,  (the  "  cotton-balls"  of  sail- 
ors,) always  appear  in  the  form  of  a  hemisphere  or  arcs  of  a  circle,  and  repose 
upon  a  horizontal  base.  When  these  hemispheres  are  piled  upon  one  an- 
other, there  are  formed  great  clouds  accumulated  at  the  horizon,  similar  to 
mountains  in  the  distance  covered  with  snow.  Their  contours  take  many 
forms,  human,  animal,  and  of  every  kind,  more  or  less  bizarre  and  fan- 
tastic, which  inspired  the  poet  Ossian  with  his  finest  images,  and  have 
given  rise  in  mountainous  countries  to  many  popular  traditions. 

When  the  cumulus  moves  along  the  horizon,  it  is,  excepting  fracto- 
cumulm^  the  most  rapid  of  all  clouds.  But  when  it  is  piled  up  along 
the  horizon,  in  summer  toward  the  south,  in  winter  toward  the  north, 
it  is  excessively  slow,  and  remains  a  whole  day  scarcely  moving.  It 
then  extends  perpendicularly  or  obliquely  toward  the  zenith.  Its 
roundish  summit  is  of  a  glittering  whiteness,  ai^d  when  elevated  high 
enough,  it  is  dyed  rose  color  morning  and  evening  like  the  cirrus.  The 
center  of  the  cloud  is  grayish,  the  base  slate  color  or  black.  The  base 
of  the  cumulus  always  rests  upon  the  horizon,  and  is  little  elevated  dur- 
ing a  storm.  It  follows  the  direction  of  surface  winds.  Upon  the  pla- 
teau of  the  valley  of  Mexico,  the  cumulus  completely  disappears  during 
the  winter  half  of  the  year,  and  appears  anew  during  the  other  six 
mouths.    In  summer  it  appears  about  eight  or  nine  o'clock  in  the  morn- 
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ing.  It  attains  its  highest  elevation  from  two  to  three  o'clock  in  the  af- 
ternoon, (luring  the  greatest  heat,  after  which  it  fades  away  gradually, 
and  a  little  after  sun-down  disappears  entirely  behind  the  hills.  Thus 
cumulus  in  Mexico  is  only  visible  in  summer  and  during  the  day.  How- 
ard says : 

Clouds  in  this  modification  arc  commonly  of  the  most  dense  structure ;  they  are 
formed  in  the  lower  atmosphere  and  move  along  with  the  current  which  is  next  the 
earth.  A  small,  irregular  spot  first  appears,  and  is,  as  it  were,  the  nitcleuB  on  which 
they  increase.  The  lower  surface  continues  irregularly  plane,  while  the  upper  rises 
into  conical  or  hemispherical  heaps,  which  may  afterward  continue  long  nearly  of  the 
same  hulk  or  rapidly  grow  to  the  size  of  mountains. 

In  the  former  case  they  are  usually  numerous  and  near  together,  in  the  latter  few 
and  distant;  but  whether  there  are  few  or  many,  their  botes  lie  always  nearly  iu  one 
horizontal  plane ;  and  their  increase  upward  is  somewhat  proportionate  to  the  extcDt 
of  base,  and  nearly  alike  iu  many  that  appear  at  once. 

Their  appearance,  increase,  and  disappearance  in  fair  weather  are  often  periodical 
and  keep  pace  with  the  temperature  of  the  day.  Thus  they  will  begin  to  form  some 
hours  after  sunrise,  arrive  at  their  maximum  in  the  hottest  part  of  the  afternoon,  then 
go  on  diminishing,  and  totally  disperse  about  sunset. 

But  in  chungeabU  weather  they  partake  of  the  vicissitudes  of  the  atmosphere;  some- 
times evaporating  almost  as  soon  as  formed ;  at  others  suddenly  forming  and  as  quickly 
passing  to  the  compound  modifications. 

The  cumulus  of  fair  weather  has  a  moderate  elevation  and  extent,  and  a  well-dcfinetl, 
rounded  surface.  Previous  to  rain  it  iucreases  more  rapidly,  appears  lower  iu  the 
atmosphere,  and  with  its  surface  full  of  loose  tleeces  or  protuberances. 

The  formation  of  large  cumulus  to  leeward  in  a  strong  wind  indicates  the  approach 
of  a  calm  with  rain.  When  they  do  not  disappear  or  subside  about  sunset,  but  con- 
tinue to  rise,  thuiuler  is  to  be  expected  in  the  night. 

Independently  of  the  beauty  and  magnificence  it  iulds  to  the  face  of  nature,  the  cttmnUs 
serves  to  screen  the  earth  from  the  direct  rays  of  the  sun;  by  its  multiplied  reflections 
to  diffuse,  and,  as  it  were,  economize  the  light,  and  also  to  convey  the  product  of  eva- 
poration to  a  distance  from  the  place  of  it«  origin.  The  relations  of  the  cumulus  with 
the  state  of  the  barometer,  &c.,  have  not  yet  been  enough  attended  to. 

VII. — Pallio-cumulus,  (Poey.) 

Eaincloudj  (illnstrat  ion  No.  XII.) — The  palliociimulusis  produced  by  the 
accumulation  of  Jractocumulus^  which  is  gradually  extended  under  the 
form  of  a  uniform  and  compact  stratum.  This  stratum  is  constantly  sus- 
tained by  the  entrance  of  new  fractoctirmilij  which  increase  its  thickness 
until  rain  begins ;  then  ihefractocumulusvt^asQsto  penetrate  it,  and  passes 
along  the  stratum  oIl  lyallio  cumulus^  but  before  the  end  of  the  rain  it  is  dis- 
engaged anew  from  the  stratum,  which  grows  thin,  is  broken  up  and  dis- 
appears. TliG  pal! lo  cumulus  is  lower,  more  dense,  less  compact,  more 
rapid  than  the  paUiO'Cirrus,  and  is  slate-colored  or  grayish.  The  thicker 
and  more  compact  this  stratum  is,  the  longer  will  the  rain  continue; 
but  as  soon  as  a  breach  is  made,  it  disengages  fragments  of  cumulus^ 
(fractO'Cumulus^)  which  rapidly  disappear,  while  the  remainder  are  piled 
up  at  the  horizon  in  the  form  of  cumulus.  The  pallio-cumulus  appears 
almost  always  from  the  northeast,  showing  the  inferior  polar  current, 
which  soon  reaches  the  surface  of  the  earth.  The  meteorological  mani- 
festations determmed  \>y  W\e.\i\  vvT^\\\N^\^fcVQV\!L<^'s^^.  o^^-^^Uio  cirrus  ;  the 
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barometer  rises,  the  thermometer  falls,  the  relative  humidity  dimin- 
ishes, and  the  tension  of  aqueous  vapor  increases. 

Vin, — ^Fracto-cumulus,  (PofiY.) 

Wiiulrcloud^  (illustrations  Nos.  XIII  and  XIV,)^The  clouds  which  I  have 
denominBt/ed  fraetO'Cumulus  are  isolated  fragments  of  cumulusy  more  or  less 
considerable, without  determinate  form ,  jagged  at  the  edges,  the  lowest  and 
most  rapid  of  all,  and  whitish,  grayish,  or  slate-colored,  according  to  their 
density.  As  soon  as  an  invisible  storm  has  broken  out  in  the  distance,  we 
see  them  moving  with  great  rapidity,  almost  grazing  the  highest  buildings 
and  tallest  trees;  their  borders  are  greatly  torn  and  white,  coutrasting 
strongly  with  the  grayish  stratum  of  superior  palliO'Cumultis.  They  are 
visible  day  and  night,  and  often  traverse  tl\e  firmament  from  northeast 
to  southwest  without  interruption  for  many  days,  while  the  sky  above 
and  in  th^  intermediate  space  is  perfectly  clear.  In  winter  we  see  them 
alone  under  a  blue  sky,  sending  in  their  passage  to  the  zenith  inter- 
rupted showers  of  rain,  accompanied  by  strong  gusts  of  wind,  which 
occasion  a  very  slight  elevation  and  oscillation  in  the  barometric  column. 
In  the  Antilles  these  clouds  produce  the  disagreeable  winter  rains,  and 
in  Europe  the  March  storms.  They  generally  follow  the  direction  of 
the  wind  prevailing  at  the  surface  of  the  earth.  When  this  wind  is 
contrary  to  the  direction  of  fracto-cumulusj  it  soon  takes  the  same  course. 

A  little  before  a  storm  or  tempest  arises,  there  appear  a  series  of  very 
small  fractO'Cumuli^  which  move  rapidly,  almost  to  two-thirds  of  their 
height,  along  a  considerable  mass  of  cumulusj  which  is  stationed  very 
often,  as  if  immobile,  near  the  southern  horizon.  Soon  these  fracto- 
cumuli  become  more  abundant,  less  rapid,  and  form  a  horizontal  band, 
Tvbich  cuts  the  cumuli  near  their  summit.  This  appearance  is  a  warning 
sign  for  sailors,  as  it  announces  a  squall.  In  fact,  the  fractO'Cumuli 
become  more  and  more  developed;  an  exchange  of  opposite  electricities 
takes  place  between  them,  and  the  storm  quickly  arises.  It  is,  there- 
fore, the  same  little  cloud,  of  which  I  have  spoken  above,  that,  returning 
then  from  the  combat,  comes  now  to  offer  new  battle.  The  aggregation 
of fraotO'Cumulus  forms  the  pallio-cumulusj  and  increases  and  constantly 
maintains  this  stratum. 

NATURE  OF  THE  CLOUDS  DEDUCED  FEOM  THE  FORMA- 
TION OF  HALOS,  CORONAS,  AND  RAINBOWS. 

We  can  further  distinguish  the  nature  of  clouds  by  the  optical  pheno- 
mena to  which  they  give  rise,  according  as  their  intimate  constitution  - 
is  more  or  less  connected  with  a  certain  degree  of  aqueous  vapor,  in  the 
state  of  snowy  or  glacial  congelations  of  the  strata  corresponding  to  the 
formation  of  each  type.  The  following  are  some  facts  which  I  have  ob- 
served at  Havana,  which  it  is  important  to  verify  in  other  regions: 

Generally  speaking,  cirruSy  more  e&pecisdij  pallio-cirrus,  gives  rise  to 
a  large  ^solar  and  lunar  halo  of  22^  radius.    When  it  ia  \j\:Qd»RA<L\s^\5c^^ 
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snn,  it  sometimes  presents  the  seven  colors  of  the  spectrum,  although 
usually  there  is  only  a  single  internal  tint  of  orange,  terminating  at 
times  in  a  little  red.  On  the  contrary,  the  great  halo  produced  by  the 
moon  IS  almost  always  white,  and  seldom  exhibits  the  tint  of  orange 
without  the  red. 

The  cirro-cumuli  produce  the  lunar  halo  of  alK)ut  2°  to  4°  radios, 
which  may  be  triple  or  formed  of  sixteen  prismatic  rings  with  an  inter- 
nal tint  of  red.  This  halo  is  still  more  brilliant  when  it  takes  place, 
rarely  enough,  with  cirro-stratus. 

The  fracto-cumuli  are  the  only  clouds  which  do  not  produce  halog, 
but  they  do  produce  complete  coronas  or  segments  of  arcs,  according 
to  the  extent  of  the  fragments  which  traverse  the  lunar  disk.  These 
coronas  are  also  prismatic,  having  a  blue  interhal  tint. 

The  palliO'Cumulus  and  the  cumulus  form  neither  halos  nor  coronas, 
but  solar  and  lunar  rainbows.  In  fine,  aqueous  vapor  extremely  dis- 
solved, elastic,  uniformly^  distributed  in  the  higher  regions  of  the  atmo- 
sphere, without  much  altering  the  transparency  of  the  air,  gives  rise  to 
the  formation  of  a  little  halo.  Their  unique  coloration,  in  brottn  or  rw- 
set^  light  or  dark,  as  well  as  their  size,  is  intimately  connected  either 
with  the  density  of  aqueous  or  elastic  vapors  or  their  altitude ;  their 
dimensions  may  vary  from  the  borders  themselves  of  the  lunar  disk  op 
to  20  radius.    We  find  them  in  every  lunation. 

QUANTITY  OF  CLOUDS. 

We  measure  by  the  eye  the  blue  vault  of  the  sky,  or  the  quantity  of 
visible  clouds,  which  can  then  be  determined  according  to  a  conven- 
tional scale  in  decimal  fractions  from  zero  (0)  to  unity,  (1.)  But  it  i8 
preferable  to  take  directly  the  quantity  of  clouds,  and  to  repeat  this 
calculation  for  each  quadrant,  upon  each  stratiim  and  upon  each  type, 
instead  of  restricting  ourselves  to  the  ensemble  of  the  sky,  paying  no 
attention  to  their  nature,  as  has  been  hitherto  everywhere  done. 

Here  is  the  mode  of  proceeding :  We  explore  the  first  quadrant, 
and  if  we  find  three  different  types  of  clouds — for  example,  the  cirrut 
elevated,  cumulus  at  the  horizon,  2Ln6. fractocumulus  low  and  isolated— 
we  judge  one  after  the  other,  according  to  their  extent  in  height  and 
breadth,  the  space  which  they  occupy  relatively  to  the  90^  comprised 
from  north  to  east,  and  from  the  horizon  to  the  zenith  of  this  quadrant. 
We  then  write  for  example  in  the  corresponding  columns  0.4  cirrus^  0^5 
cumulus  J  and  ().2  fracto-cumulus.  If  the  quadrant  examined  is  completely 
covered  by  a  single  cloud,  we  mark  unity,  (1,)  and  its  corresponding 
type.  If,  on  the  contrary,  there  is  no  cloud,  we  place  0.  We  repeat  in 
turn  the  same  operation  in  the  three  other  quadrants,  from  southeast^ 
from  southwest,  and  from  northwest. 

At  times  the  quantity  of  clouds  associated  with  others  of  a  different 
nature  is  so  small,  consisting  merely  of  fragments,  that  it  would  be  ex- 
tremely difficult  to  moik^  ^  ^vjlsX  ^^<(!.vi\^\a»iv<^  \!».\A  \\\!^\i^<^  uiaxk  isolaUA 
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cloud  of  the  corresponding  type.  During  a  continuous  rain,  when  the  . 
sky  is  completely  covered  with  a>palliO'CumuluSj  we  are  sure  to  find  above 
it  a  second  stratum  of  palliO'Cirrtis^  which  occasions  this  rain.  So  after 
this  examination  we  write  in  each  quadrant  unity  for  these  two  types. 
But  as  soon  as  a  breach  is  made  in  the  stratum  of  pallio-cumulusj  then 
ca^e  must  be  taken  not  to  confound  the  quantity  of  cloud  corresi)onding 
to  each  of  these  two  strata,  which  are  perceived  one  after  the  other. 
With  a  little  attention  we  come  perfectly  to  know  each  order  of  cloud 
and  the  space  it  occupies* 

DIEECTION  OF  THE  CLOUDS. 

We  should  note  in  another  column  the  direction  of  each  type  of  cloud 
corresponding  to  the  first  sixteen  cardinal  points  of  the  compass.  For 
this  purpose,  we  must  observe  the  space  whence  the  cloud  sets  out,  and 
that  of  the  opposite  horizon,  where  it  is"  lost.  When  the  cloud  tra- 
verses the  zenithal  region,  the  observation  can  be  easily  made.  There  is 
only  a  single  position  which  can  give  rise  to  error  by  an  effect  of  per- 
spective, which  takes  place  morning  and  evening,  when  the  cumuli  are 
not  removed  from  the  limits  of  the  horizon,  where  they  have  a  very  slow 
march  and  disappear  at  the  opposite  side  in  the  same  parallel  plane. 
We  think  then  that  a  cloud  freely  sets  from  east  to  west,  or  vice  veraa^ 
either  by  the  north  or  by  the  south,  when  it  has  rather  an  inclination 
from  northeast,  from  northwest,  from  southeast,  from  southwest,  or  any 
other.  If  it  is  at  sunrise  or  sunset,  if  the  wind  is  from  east  to  west, 
or  if  the  vane  remains  stationary  in  one  of  these  directions,  we  may  be 
certain  that  the  cumulus  pursues  this  horizontal  course  perpendicularly 
to  the  meridian. 

Often  it  is  very  difficult  to  grasp  the  direction  of  cirrus^  because  of  its 
extreme  slowness,  and  the  considerable  quantity  and  great  extent  of  its 
filaments,  which  are  oriented  on  every  side.  The  attention  must  be  prin- 
cipally fixed  upon  the  side  of  the  displacement  of  the  ridge  or  central 
trunk  whence  this  multitude  of  bands  and  lateral  filaments  is  detached. 
The  march  of  cirrus  is  then  almost  always  in  a  longitudinal  plane  or 
parallel  to  the  longer  axis.  By  a  law  of  perspective,  the  parallel  bands 
appear  to  diverge  from  a  point  of  the  horizon,  and  on  the  other  hand  to 
converge  toward  another  point  diametrically  opposite ;  but  the  observa- 
tion of  the  point  of  convergence  on  the  opposite  horizon  will  give  the 
mode  of  orientation. 

There  is  another  optical  illusion,  against  which  we  must  especially 
guard,  in  order  not  to  commit  a  very  grave  error  5  for  it  appears  each 
time  that  below  a  stratum  of  superior  and  very  slow  cirrus^  we  perceive 
a  second  stratum  of  inferior  and  rapid  cumulus.  In  this  case  the  cirrus 
seems  to  march  rapidly  in  the  opposite  direction  to  that  of  the  cumulus^ 
when,  in  reality,  it  is  following  the  same  path,  but  more  slowly.  It  is 
an  illusion  analogous  to  that  remarked  in  a  railway  carriage  when  the 
objects  closer  to  us  file  rapidly  past  in  a  direction  contrary  to  that  of  the 
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I  locomotive;  while  objects  more  removed,  beyond  the  second  plane,  move 
in  the  same  direction.  We  cannot  caution  observers  too  much  agamst 
this  error,  especially  when  there  are  three  or  four  strata  of  superposed 
clouds,  some  having  the  same  direction,  and  others  opposite  ones. 

Very  often,  also,  the  cirri  are  so  slow  that  it  must  take  many  hoars 
to  comprehend  their  march.  This  extreme  slowness  contributes  to  a 
lateral  movement  perpendicular  to  their  advance  still  more  pronounced 
than  that  of  the  cumulus  or  other  types  of  clouds;  to  this  must  be 
added  their  filamentous  form  and  the  great  number  of  their  ramifications. 
In  this  case  the  observer  must  take  a  bench-mark  upon  some  elevated 
structure  in  the  city  or  the  summit  of  a  mountain  or  top  of  a  tree,  verify, 
ing  it  from  hour  to  hour,  and  if  these  precautions  are  not  yet  sufficient,  ^ 
wait  until  the  cirrus  has  passed  the  meridian  or  disappeared  at  the  op- 
posite horizon.  Generally,  at  the  observatory  at  Havana,  the  direction 
of  cirrus  is  definitely  noted  upon  the  register  only  in  the  afternoon, 
although  it  has  appeared  at  five  or  six  o'clock  in  the  morning. 

When  a  cumulus  is  swelling  up  from  a  base  below  the  horizon  toward 
the  zenith  it  presents  the  appearance  of  a  motion  which  must  be  dis- 
tinguished from  the  true  direction  of  the  cloud. 

CirruSj  cirro-stratusj  and  cirro-cumulus  come  generally  from  the  south* 
west,  showing  presence  of  the  superior  equatorial  current. 

CumuluSj  cumulo-stratus^  and  fracto-cumulttSy  on  the  contrary,  appear 
toward  the  northeast,  determining  the  inferior  jK>Zar  current.  But  the 
cumuli  from  June  to  December  generally  take  a  middle  direction,  from 
the  east,  under  the  influence  of  the  northeast  and  southeast  trade- winds, 
while  the  fracto-cumulus  accompanies  the  polar  current  from  the  north- 
east, from  December  to  May,  when  this  last,  going  against  the  current 
from  southeast  of  the  southern  hemisphere,  draws  near  the  equator  and ' 
causes  the  trade-winds  to  descend  fk*om  north  to  east-northeast,  or  east 

Moreover,  thQ  pallio-cirrus  and  t\ie  pallio-cumulus  serve  alternately  as 
a  transition  between  these  two  opposite  currents,  the  equatorial  and  polar, 
although  the  first  type  accompanies  more  frequently  the  superior  cur- 
rent and  the  second  the  inferior  current;  so  that  these  two  pallia 
ialternate  in  thefoUowing  order : 

Chms,  1 

rCirro-stratnBy     >  Superior  equatorial  cnrrent. 

Cirro-camaln8.j 

Pallio-cimiB. 

Pallio-cnmalus. 

camu  uB.  I  Inferior  polar  cnrrent. 

Fraot4>-cnmnin8,  > 

VELOCITY  OF  CLOUDS. 

Our  present  uncertainty  as  to  the  velocity  of  clouds,  the  diflSculties 
which  are  presented  to  a  single  observer,  perhaps,  deprived  of  sufficient 
knowledge  or  smtable  inatrumeuts  to  undertake  directly  this  calculation, 
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makes  it  only  possible  to  determine  it  visually  and  approximately.  As 
a  general  rule,  clouds  appear  more  rapid  the  nearer  they  are  to  the  sur- 
face of  the  earth,  and  slower  the  farther  they  are  removed  from  it. 
Therefore,  the  fracto-cumuluSj  which  almost  grazes  the  summits  of 
mountains  and  tops  of  trees,  is  more  rapid;  while  the  cirrus^  which  is 
found  in  the  torrid  zone  with  an  altitude  of  at  least  10,000  to  15,000 
meters,  (six  and  one-fourth  to  nine  and  three-eighths  miles,)  is  the  slow- 
est, seeing  that  it  remains  for  hours  at  a  time  almost  immovable. 

We  adopt  the  four  following  terms :  8low^  very  slowj  rapid,  very  rapid j 
which  suffice  to  express,  with  sufGlcient  exactness,  all  velocities  of  clouds, 
because  there  is  no  case  where  we  need  a  more  minute  nomenclature. 
The  absolute  determinations,  especially  very  rapid,  being  the  most  diffi- 
cult to  seize,  we  must  guard  against  making  use  of  them  before  we  are 
I)erfectly  acquainted  with  the  march  of  the  cirrm,  which  loiters  for 
hours,  describing  a  little  arc,  and  that  of  the  fractO'Cumulus,  which  has 
variable  velocities.  But  after  a  few  appearances  of  clouds  with  high 
velocity,  the  observer  will  be  able  to  judge  them  correctly. 

• 

AZIMUTHAL  EOTATION  OF  CLOUDS. 

In  a  note  presented  to  the  French  Meteorological  Society,  May  10th, 
1864, 1  showed,  from  280,320  observations  made  at  the  observatory  of 
Havana,  that  the  law  of  the  rotation  of  winds  formulated  in  1827  by  M. 
Dove  is  perfectly  applicable  to  clouds,  and  it  is  this  same  rotary  direc- 
tion which  determines  the  rotation  of  the  inferior  winds,  and  modiHes 
all  the  meteorological  phenomena ;  in  a  word,  that  meteorology  must  be 
taken /rom  above,  according  to  the  profound  remarks  of  M.  Biot,  at  the 
French  Academy  of  Sciences. 

M.  Dove's  law  of  the  change  of  winds  may  be  thus  recapitulated :  1. 
When  in  the  northern  hemisphere,  currents  of  air  coming  from  the 
equator,  alternate  with  polar  currents,  the  wind. makes  the  tour  of  the 
compass  oftenest  in  the  order  south,  west,  north,  east,  and  south.  2.  In 
the  southern  hemisphere  it  is  the  reverse,  south,  east,  north,  west,  and 
south.  3.  The  influence  of  the  wind  upon  meteorological  phenomena, 
combined  with  this  law  of  its  change,  shows  two  x)arts  of  the  compass, 
opposed  in  all  respects,  the  region  of  the  east  and  that  of  the  west,  where 
the  atmospheric  variations  offer  a  correspondence  with  the  instruments, 
which  it  is  easy  to  understand.  We  see,  therefore,  that  this  important 
law  of  M.  Dove  can  assist  us  in  scientific  prevision,  if  we  add  M.  Buys- 
Ballot's  method  of  ecarts,  which  consists  in  taking  the  difference  between 
the  highest  and  lowest  standing  of  the  barometer,  thermometer,  &c. 

Now,  if  the  change  of  clouds,  from  cirrus  to  fra^ctocumuliis — that  is 
to  say,  from  an  altitude  of  at  least  10,000  meters  to  the  surface  of  the 
earth — really  obeys  the  same  law  as  the  change  of  winds,  then  our  pre- 
visions acquire  a  greater  degree  of  certainty. 

In  1863  the  wind  at  Havana  completed  twenty-three  rotations,  con- 
jointly with  cumulus;  these  latter,  twenty-five  rotations ;  cirrocumuluA 
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eighteen,  and  cirrtw,  seventeen.    Two  rotations,  from  29th  of  June  to 
19th  of  October,  were  not  accompanied  with  those  of  the  wind. 

Sometimes  we  find  that  all  the  strata  of  clouds,  up  to  the  cirrtUj  com- 
plete their  rotation  at  the  north  on  the  same  day  and  at  the  same  hoar. 
At  other  times,  and  these  are  the  most  numerous,  the  wind  gains  upon 
the  CMmuliy  these  on  the  cirro-cumuUj  and  these  latter  on  cirri ;  that  is 
to  say,  from  below  upward  instead  of  from  above  downward,  a«  before 
their  rotation.  This  fi^ct  seems  to  contradict  the  hypothesis  that  the  su- 
perior currents  determine  gradually  the  inferior  currents.  This,  how- 
ever,  is  owing  to  the  fact  that  the  currents  are  inclined,  forming  very 
nearly  an  angle  of  45<^  with  the  surface  of  the  earth,  so  that  they  are 
first  felt  at  a  point  more  to  the  north,  falling  by  degrees  until  they  at- 
tain all  the  points  of  their  journey  toward  the  south,  through  which 
they  have  passed  above,  till  their  extinction  naturally,  or  by  the  shock 
of  opposite  currents.  This  appearance  of  the  inferior  current  before  the 
superior  is  especially  frequent  in  low  regions.  It  is  presented  five 
times  against  four  between  the  wind  and  cumulus j  and  four  other  times 
simultaneously.  In  the  higher  regions,  six  times  to  five,  the  cirro- 
cumulus  appeared  before  the  cirrus^  and  in.  three  other  cases  at  the  same 
time.  The  cumuli,  in  their  turn,  gained  eleven  times  against  two  upon 
the  cirro-cumuli,  and  twice  again  they  happened  at  the  same  time. 

By  reason  of  the  opposition  or  inversion  of  temperature  between  land 
and  sea,  the  wind  tends  toward  the  south  in  the  evening,  and  in  the 
morning  toward  the  north.  The  influence  of  these  local  movements  of 
the  breeze  is  such,  in  the  general  circulation,  that  it  may  retard  the 
rotation  of  the  wind,  which  terminates  at  the  north,  not  only  many 
hours,  but  besides  from  90<^  to  180^  in  azimuth.  The  action  of  the  sea- 
breeze  seems  to  be  more  considerable  than  that  of  the  land-broeze ;  but 
the  breezes  are  much  less  sensible  upon  the  cumulus  and  cirro-cumulus, 
especially  when  these  latter  are  elevated,  and  they  do  not  seem  to  reach 
the  region  of  the  cirrus.  The  continuance  of  each  rotation  varied  con- 
siderably in  1803,  as  follows : 

Days.  Hn.       Days.  Hrs. 

For  the  ctmi«,  from 5      5    to    49      11 

For  the  cirro-cumuluSj  from 3      8    to    62        5 

For  the  oumuZiM;  from 3      3    to    36      22 

For  the  wind,  from 4      0    to    71        9 

The  month  of  July  did  not  present  a  single  rotation  of  any  of  these 
four  elements.  It  should  be  remarked  that  the  greater  number  of  the 
wind's  rotations  are  accompanied  by  another  rotation  in  the  cumulus; 
that  those  of  cirro-cumulus  are  more  rare  and  less  corresponding  with 
the  first ;  and  that,  in  fine,  those  of  cirrus  are  still  further  removed.  It 
also  appears  that  the  rotations  are  less  frequent  in  the  higher  regions 
than  at  the  surface,  and  that  the  first  of  the  cirrus,  due  to  the  equato- 
rial current,  are  borne  rather  to  the  west,  and  especially  to  tlie  south- 
west ;  while  the  second  of  the  cumulus,  arising  from  the  polar  current, 
are  confined  more  to  t\ift  tegvou  ot  \Xi^  ^aL%^^lT<^\fiL\i<<s«!0«^V«5k^wi.^^^ 
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Whatever  may  be  the  regularity  presented  by  the  circolation  of  the 
winds,  and  of  the  clouds  in  the  tropics,  and  whatever  care,  also,  is 
taken  in  studying  it,  this  circulation  is  not  yet  exempt  from  perturba- 
tions which  mask  a  little  the  precise  moment  of  the  beginning  and  end 
of  each  rotation.  The  southeast  trade-winds,  and  the  configuration  of 
the  ground,  are  among  the  number  of  general  disturbing  causes ;  while 
the  land  and  sea  breezes,  the  cloudiness  of  the  stratum  of  eumulusj 
which  is  more  or  less  time  prolonged,  and  covers  that  of  cirro-cumultiSy 
or  these  latter  that  of  cirrusj  their  inclination  in  space,  and  conse- 
quently their  transformation  accidental  and  sudden,  constitute  the  local 
disturbing  causes. 

I  surmise,  besides,  the  existence  of  great  annual  rotations  produced 
by  the  earth's  motion  of  translation  in  its  orbit  analogous  to  those  pro- 
duced by  the  rotation  of  the  earth  on  its  axis,  both  classes  of  rotation 
belonging  to  each  climate  of  the  terrestrial  zones,  having  regard  to  the 
distribution  of  continents  and  seas,  and  to  their  physical  constitution. 
These  annual  rotations  appear  to  commence  and  terminate  at  the  north ; 
for  the  cirrus  in  October,  for  the  cirro-cumulus  in  November,  for  the 
cfumulus  in  December,  and  for  the  wind  in  January.  According  to  this, 
the  superior  current  employs  a  month  in  accomplishing  its  rotation  from 
stratum  to  stratum,  continually  approaching  the  surface  of  the  earth, 
and  three  months  in  reaching  it. 

Lieutenant  Maury  claims  that  the  trade- winds  are  so  constant  and 
uniform  that  their  direction  no  more  changes  than  the  current  of  the 
Mississippi.  I  do  not  share  the  opinion  of  this  savant^  for  the  observa- 
tions at  Havana  demonstrate,  on  the  contrary,  that  the  north  trade- 
wind  varies  from  northeast,  and  sometimes  north-northeast,  up  to  east- 
northeast,  chiefly  from  December  to  May,  the  time  at  which  the  current, 
from  the  northern  hemisphere  appears  to  be  stronger  than  that  from 
the  southern,  and  consequently  it  approaches  the  equator.  In  the  sec- 
ond i)art  of  the  year,  from  June  to  November,  the  south  polar  current, 
being  more  intense,  drives  back  the  first,  and  advances  to  the  latitude 
of  Havana,  and  probably  to  the  parallel  of  3(P  north,  the  trade-wind 
then  varying  from  east-northeast  to  southeast ;  so  the  limit  of  the  dis- 
placement in  latitude  of  the  trade- winds  depends  more  particularly  on 
the  respective  intensity  of  the  polar  currents  of  each  hemisphere.  Wo 
see,  therefore,  that  the  time  of  appearance  which  I  have  established  for 
fractO'Cumulus  and  cumulus  seems  to  correspond  with  the  displacement 
of  the  trade- winds. 

In  fine,  it  is  at  the  moment  when  the  rotations  of  the  wind  and  of 
cumulus  correspond  toward  the  southwest  with  that  of  the  equatorial 
current  that  storms  and  great  showers  have  generally  taken  place,  in 
presence  of  a  compact  stratum,  and  a  condensation  of  superior  palHo- 
cirrus^  and  another  stratum  of  inferior  pallio-cumulus.  But  as  soon  as 
the  wind  and  the  cumulus  revolve  to  the  west,  the  storm  begins  to  clear 
off,  and  the  barometer  rises.    When  these  first  two  rotations  terminate 
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at  the  north,  the  weather  is  completely  reestablished.  The  stratam  of 
palluhcumulus  opens  up,  is  broken,  and  continues  thus  to  chase  from  the 
southwest;  then  it  revolves,  in  turn,  toward  the  north,  in  order, 
later,  to  commence  a  new  rotation.  The  second  stratum  of  superior 
palliO'drrus  proceeds  in  like  manner,  and  disappears  also. 

Such  are  the  principal  facts  concerning  the  azimuthal  rotation  of  the 
winds  and  clouds,  and,  in  general,  of  the  diverse  questions  which  have 
been  treated  in  the  course  of  these  summary  instructions,  on  which  it 
is  of  the  highest  importance  to  fix  the  attention  of  observers  in  all 
parts  of  the  world.  Indications  analogous  to  those  which  the  observa- 
tions made  at  the  observatory  of  Havana  have  furnished  us,  shoald 
they  be  contradictory  under  identical  latitudes,  either  by  reason  of  the 
difference  in  longitude,  or  by  the  difference  in  the  toiK)graphy  of  the 
countries  explored,  will  not  be  the  less  important  on  this  account,  and 
they  will  conduct  us  to  a  true  conception  of  atmospJieric  circulation  alto- 
gether,  by  putting  us  on  the  track  of  rational  and  scientific  pre\isioPs. 
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ON  THE  EYAPORATIOX  OBSERVED  AT  PALERMO  LX  18«J  AND  1806. 

By  p.  Tacchixi. 

ITranalatedfor  the  Smithsonian  Institution  from  the  Meteorological  Bulletin  oftlve  Royal  Ob- 

servatory  of  Palermo.] 

Evaporation  is  one  of  the  most  imi)ortant  elements  bejiring  npon 
climatological  relations,  but  one  which,  until  now,  has  been  little  studied. 
In  Italy  there  are  some  few  stations  in  which  such  observations  are  con- 
ducted, although  by  different  methods.  In  the  determination  of  this 
element  many  dif&culties  and  anomalies  present  themselves,  insomuch 
that  it  is  regarded  as  the  lea^t  certain  of  all  the  problems  offered  by 
meteorology.  .Yet  the  instruments  devised  for  the  measurement  of 
evax)oration  have  been  of  late  greatly  improved,  and  in  our  opinion  that 
of  Vivenot  is  to  be  regarded  as  among  the  best.  In  our  observatory  the 
evaporation  is  observed  simultaneously  with  two  atmometers,  one  of 
which,  being  that  of  Gasparin,  is  entirely  exposed  to  the  direct  action  of 
the  air  and  the  solar  rays;  the  other,  that  of  Vivenot,  is  stationed  with 
the  other  instruments  of  meteorology,  designcvl  for  the  temperature  and 
humidity,  that  is  to  say,  is  defended  from  the  d?rect  action  of  the  wind 
and  sun.  These  two  atmometers  were  described  :n  our  Bulletins  Nos.  1 
and  4  for  1865.  .The  series  of  observations  which  we  are  about  to  pre- 
sent extends  through  twenty  mouths,  from  May,  1865,  when  a  com- 
mencement was  made  with  the  atmometer  of  Vivenot,  to  December, 
1866,  inclusive.  This  interval  is  undoubtedly  too  short  for  arriving  at 
definitive  conclusions;  but  oq  a  comparative  examination  of  the  curves 
of  evaporation  with  those  of  the  other  meteorological  elements,  we  have 
always  observed  a  constant  relation,  especially  in  regard  to  the  tempera- 
ture, force  of  the  wind,  and  humidity,  as  may  be  verified  by  the  monthly 
reviews.  In  consequence  of  this,  I  propose  to  determine  these  relations 
from  the  observations  made,  that  is,  to  seek  an  expression  for  the  eva- 
poration in  functions  of  those  elements,  whence  a  first  approximation 
may  be  obtained,  serving  as  a  contribution  on  our  part  to  the  researches 
on  the  climate  of  Italy. 

[We  are  unacquainted  with  the  atmometer  of  Vivenot;  that  of  Gas- 
parin consists  of  a  shallow  vessel  of  tinned  copper,  one  meter  square, 
and  fifty  centimeters  in  depth.  In  one  corner  of  this  is  a  fine  screw 
placed  perpendicularly,  with  a  micrometer  head  at  the  top,  and  a  fine 
point  at  the  bottom,  by  means  of  which  a  small  fractional  part  of  a  milli- 
meter of  the  depression  of  the  surface  of  the  water  can  be  estimated. .  It 
is  also  furnished  with  a  maximum  and  minimum  thermometer,  the  bulbs 
of  each  being  sheltered  from  the  direct  rays  of  the  sun,  while  they  par- 
take of  the  temperature  of  the  surface  of  the  water.  This  apparatus  is 
freely  exposed  to  the  open  air  and  sunshine.  Care  is  required  that  no 
water  is  allowed  to  fall  into  the  vessel  from  rain,  or  if  it  does  fall  in,  to 
allow  for  the  quantity. — J.  H.] 
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Table  of  the  elements  tchich  have  been  employed  %n  the  researches  on  evapo- 
ration^ as  observed  toith  the  Vivenot  atmometerj  transcribed  from  ike 
monthly  bulletins* 


Months. 


1865. 


Temi)er»- 
tnxe. 


May 

June 

July 

August ... 
September 
October  ... 
November. 
December  . 


1866. 


January . . 
February  . 

March 

April 

May 

June 

July 

August 

September 
October  ... 
NoTember. 
December  , 


+20.5 
23.5 
26.0 
26.7 
23.4 
20.3 
15.9 
12.3 


11.6 
14.0 
15.2 
16.7 
18.9 
22.5 
26.1 
25.0 
23.4 
20.0 
15.9 
12.9 


Humidity. 


68.9 
63.5 
64.3 
64.7 
67.3 
75.5 
69.0 
73.3 


75.0 
71.4 
64.6 
67.1 
66.9 
71.8 
63.7 
66.0 
72.3 
70.6 
68.9 
73.0 


Force  of 
the  wind. 


7.4 
11.2 
9.7 
6.9 
9.2 
10.9 
9.0 
8.0 


8.9 
9.2 
11.3 
8.2 
6.5 
5.4 
9.8 
7.9 
4.4 
5.4 
7.6 
9.2 


Daily  evapo- 
ration. 


3.394 
4.719 
5.113 
5.268 
4.329 
2.746 
2.790 
2. 151 


2.492 

2.819 
3.906 
3.847 
4.239 
4.432 
6.905 
5.918 
4.089 
3.493 
3.211 
2.314 


Total 

evaporation  of 

the  month. 


105.215 

141.. %l 

159.082 

164.008 

128.921 

85.132 

83.rjO 

66.688 


77.240 

84.?iO 

121. 0?!0 

115.410 

131. 411 

132.960 

214.047 

183.460 

122. 752 

108.285 

96.318 

71. 740 


From  the  above  table  it  will  .at  once  be  perceived  that  the  prime  pro- 
ductive cause  of  evaporation  is  the  temperature,  the  action  of  which 
may  be  promoted  by  the  force  of  the  wind  and  impeded  by  the  humidity. 
If,  therefore,  we  consider  the  quantity  of  evaporated  water  in  relation 
alone  to  the  temperature  as  the  sole  cause,  we  may  deduce  the  equation— 

390.8^=78.175 
whence — 

t  =  +  0.20004 

J  If  then  the  heat  alone  were  the  evaporating  force,  by  multiplying  the 
mean  daily  temperature  by  the  coefficient  we  should  have  the  quantity 
of  the  evaporation  in  millimeters.  By  making  this  calculation  for  the 
months  from  the  preceding  table,  and  considering  the  diflTerences  between 
the  observation  and  the  calculation,  it  will  be  seen  that,  in  1865,  the 
greatest  diflTerences  are  met  with  in  the  months  of  May  and  October,  in 
which  there  occur  two  maxima  of  humidity,  and  that  at  that  time 
the  evaporation  observed  is  iess  than  that  calculated ;  and,  in  1866,  the 
greatest  differences  are  observed  in  the  months  of  March,  July,  and 
August,  in  which  there  occur  minima  of  humidity  and  an  increase  in 
the  force  of  the  wind,  so  that  the  observed  evai)orations  become  in  these 
months  greater  than  those  calculated.  Hence  the  influence  of  the  force 
of  the  wind  and  of  tli©  \ium\A\t^  ol  Wife  ^vt  Ns^  xsv^m^^s^X.^   T.*dkix^^ta«(Coimt 
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then  of  the  three  elements,  temperature,  humidity,  and  force  of  the  wind, 
we  establish  with  the  data  of  the  table,  for  the  daily  evaporation,  20 
equations  of  condition,  which  being  resolved  by  the  method  of  least 
squares  yield  the  following  normal  equations : 

8.10  .  t  +  26.78  .  h  +    3.22  ./-1.63=0  ) 
26.78  .  t  +  95.93  .  h  +  11.45  ./-5.33=0  ^     -    .    •    .  (1.) 
3.22  .  t  +  11.45  .h+    1.45  ./-0.65=0  ) 

wherein  f,  A,/,  are  the  coefficients  of  the  temperature,  humidity,  and 
force  of  the  wiud,  to  be  determined.  The  equations  (1)  being  resolved, 
we  obtain  the  following  values : 

<=  +  0.20675 
A=  +  0.01517 
/=  +  0.11006 

which  coefficients  indicate  that  with  the  increase  of  the  temperature 
and  force  of  the  wind,  the  evaporation  also  augments,  while  it  dimin- 
ishes with  the  increase  of  the  humidity,  which,  in  effect,  is  also  shown 
by  the  aetual  review  of  each  month.  'The  formula,  then,  of  the  evapora- 
tion, by  the  Yivenot  atmometer  placed  in  the  shade  and  defended  from 
the  direct  action  of  the  wind,  will  be  the  folowing : 

E=T  .  0.2p675-H  .  0.01517  -f  F  .  0.11006 
in  which  T  indicates  the  temperature  in  centesimal  degrees,  H  the  hu- 
midity in  hundredths  of  saturation,  F  the  horary  velocity  of  the  wind 
in  kilometers.  If,  with  this  formula,  we  calculate  the  daily  evaporation 
for  each  of  the  twenty  months  under  consideration,  we  obtain  the  fol- 
lowing figures,  which  we  transcribe,  beside  those  resulting  from  obser- 
vation, with  the  relative  differences : 


Months. 


1665. 

May 

June 

July 

August 

September 

October 

November 

December 

1866. 

January  

February 

March 

April 

May 

Juno 

July 

August 

September 

October 

November € 

December 


Evaporation 
calculated. 


MUUmeten, 
4.024 
5.144 
5.485 
5.317 
4.847 
4.269 
3.246 
2.257 


2.255 
2.839 
3.320 
3.374 
3.624 
4.177 
5.526 
5.054 
4.244 
3. 696 
3.094 
2.574 


Evaporation 
observed. 


Millimeters, 
3.394 
4.719 
5.113 
5.268 
4.329 
2.746 
2.790 
2.151 


2.492 
2.819 
3.906 
3.847 
4.239 
4.432 
6.905 
5.918 
4.089 
3.493 
3.211 
2.314 


Difference. 


Millimeters, 

—  0.630 

—  0.425 

—  0.372 

—  0. 049 

—  0. 518 

—  1.523 

—  0.456 

—  0.106 


\ 


+  0.237 
—  0.020 
0.586 
0. 473 
0.615 


\ 


+ 

-f 

-f  0. 2r:5 

1.370 

0.864 

1.155 

—  0. 203 
-f  0. 117 

—  0.260 


4G0  METEOROLOGY. 

Hence  it  would  appear  that  if  the  daily  evaporation  be  calculated  in 
tlii.s  way  we  incur  the  risk  of  an  error  of  ±  0°^.6;  and  although  this 
difference  may  seem  considerable,  yet,  taking  into  account  the  small 
number  of  observations,  and  the  anomalies  which  ordinarily  occur  in 
this  element,  as  well  as  the  excesses  of  the  weather  experienced  in  the 
two  years  of  the  observations,  it  will  be  seen  that  the  variations  in  the 
evaporation  are  distinctly  represented. 

If  the  daily  mean  be  thus  calculated  from  the  total  of  the  twenty  months, 
with  T  =  19^Mj  H  =  69.13  and  F  =  8.31, 

Itwill  befound \ =    3»913 

And  the  mean  of  the  observed  evaporation - .         .  3™.p24 

Difference =    O^.OU 


So  that  the  total  of  the  calculated  evaporation  for  the  twenty 

months  is  found =  238<>».93 

While  that  from  observation • 2393».78 

Whence  the  difference =  6".85 


As  a  proof  of  the  manner  in  which  this  formula  may  represent  the 
course  of  the  daily  evaporation,  we  have  calculated  it  for  each  day  of 
the  month  of  October,  1806,  selecting  this  month  for  its  variety  in  the 
different  elements,  so  that  the  evaporation  does  not  proceed  directly  in 
accordance  with  any  of  the  curves  of  these  elements. 
The  sum  of  the  daily  evaporations  calculated  for  every  day 

of  this  month  gives  a  total  of 113™».34 

While  the  observed  amount  was 108"^.29 

Whence  results  a  difference  only  of 5°^.0o 


And  from  the  course  of  the  evaporation  we  have  constructed  the  curves 
of  evaporation  as  observed  and  calculated,  which  will  be  found  in  the 
annexed  table,  and  which  clearly  demonstrate  their  conformity ;  thus ' 
proving  the  distinct  exactness  of  the  formula  and  the  excellence  of  the 
instrument  in  its  sensibility  to  the  variations  of  the  different  elements 
which  concur  in  the  production  of  evaporation. 

It  is  not  at  present  possible  to  establish  the  exact  ratio  of  the  evapo- 
ration in  the  different  seasons  and  months,  because  the  proper  elements 
are  wanting.  In  regard  to  the  meteorological  year  1805-'6C,  we  have 
the  evaporation  distributed  in  the  following  manner : 

Mniimeters. 

Winter 228.65 

Spring 367.90 

Summer  . .   •  530.47 

Autumn ^Yv2>^ 
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that  is  to  say,  least  in  winter,  greatest  in  summer,  nearly  eqnal  in 
spring  and  antamn,  being  more  restricted  in  the  latter  season,  for 
reasons  which  will  be  easily  perceived  from  the  following  table : 


Seasons. 


Winter  , 
Spring  . 
Summer 
Autumn 


Tempera- 
ture. 


12.7 
17.0 
24.5 
19.8 


Humidity. 


74.6 
66.2 
67.2 

70.6 


Force  of 
the  wind. 


8.7 
8.7 
7.7 
5.8 


For  a  first  approximation,  therefore,  we  may  calculate  the  mean  daily, 
monthly,  and  annual  evaporation,  as  well  as  that  for  the  seasons,  by 
employing  the  coeflftcient  only  of  the  temperature,  t  =  0.20675.  Thus, 
taking  the  mean  monthly  temperature  derived  from  the  observations 
of  seventy-six  years,  we  form  the  following  table : 


Months. 


January... 
February., 

March 

April 

May 

June 

July 

August 

September. 
October . . . 
Kovember . 
December . 


Mean  tem- 
perature. 


+10.96 
11.15 
12. 42 
14. 86 
18.59 
22.34 
25.04 
25.22 
22.98 
19.68 
15.57 
12.30 


Daily  evapora- 
tion  as  cal 
culated. 


Millimefers, 
2. 270 
2.305 
2.567 
3. 072 
3.843 
4.619 
5.176 
5.214 
4.751 
4.068 
3. 218 
2. 544 


Monthly  evapo- 
ration OS  cal- 
culated. 


Millimeters, 

70.37 

65.12 

79.59 

92.16 

119. 13 

138.57 

160. 46 

161. 64 

142. 53 

128.11 

96.54 

78.86 


Mean  quantity 
of  rain  as  ob- 
served. 


Millimeten. 
71.74 
63.55 
72. 69 
42. 65 
28.60 
17. 21 
5. 80 
9.11 
51.88 
71.65 
72. 28 
83.80 


^ 


Hence,  as  regards  seasons,  the  evaporation  results  as  follows  : 

Millimeters. 

Winter  214.35 

Spring 290.87 

Summer 460.G7 

Autumn 365.18 


Annual  mean 1331.07 


In  regard  to  the  water  which  fell,  it  will  be  seen  that  in  the  montlis  of 
January^  Fehruaryj  Marchj  and  December^  the  evaporation  teas  nearly 
equal ;  and  that  the  annual  evaporation  was  equal  to  twice  and  one-fourth 
the  quantity  of  rain. 

The  Gasparin  evaporator. — With  this  atraometer  the  inconveni- 
ence constantly  presents  itself  that,  on  days  of  rain,  the  indications 
point  to  erroneous  results,  through  the  impossibUity  of  applying  the 
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just  correction  for  the  water  which  falls,  especially  when  there  are  very 
light  showers,  which  caunot  be  measured  by  the  pluviometer ;  whence 
the  evaporation  given  by  the  Gasparin  atmometer  during  the  months 
when  there  has  been  rain  will  be  always  inferior  to  the  reiility.  To 
have,  therefore,  the  true  ratio  between  the  iudications  of  the  two  atmo- 
meters,  and  to  correct  those  of  the  Gasparin  instrument,  we  proceed  ia 
the  following  manner :  From  the  sums  of  evaporation,  given  by  the  two 
instruments  in  days  when  there  was  no  rain,  is  deduced  the  ratio  be- 
tween the  two  evaporations  for  each  month,  and  from  the  evaporatioa 
observed  with  the  atmometer  of  Vivenot,  on  the  days  of  rain,  is  derived, 
by  means  of  the  ratio,  the  corrections  to  be  made  in  the  indications  of 
tbat  of  Gasparin. 

In  the  following  table  will  be  found  the  monthly  sums  of  this  atmo- 
meter thus  corrected,  and  which  diflfer  from  those  given  in  the  single 
bulletins,  because  the  aforesaid  correction  is  then  not  applied.  Hence, 
to  determine  a  formula  representing  the  evaporation  according  to  the 
Gasparin  atmometer,  it  is  to  be  remembered  that  in  this  instrument  the 
action  of  the  force  of  the  wind  must  needs  be  greater  than  for  that  of 
Vivenot,  and  that  it  is  necessary,  moreover,  to  take  into  account  the  di- 
rect action  of  the  solar  rays,  as  we  have  not  the  temperature  of  the 
water  by  that  atmometer.  We  will  suppose  this  action  of  the  solar  rays 
proportional  to  the  sine  of  the  meridian  altitude  of  the  sun,  for  the  effect 
of  the  solar  rays  may  be  modified  by  the  presence  of  clouds,  diminishing 
that  action  whenever  they  interpose  between  the  sun  and  station.  On 
the  other  hand,  the  action  of  the  daily  temperature  and  the  humidity 
will,  for  this  instrument,  be  the  same  as  for  that  of  Vivenot ;  whence 
the  coeflftcients  relative  to  these  two  elements  will  remain  the  same.  If, 
then,  we  calculate  the  part  of  the  evaporation  due  to  these  two  elements 
and  subtract  it  from  the  daily  evaporation  of  the  Gasparin  atmometer, 
the  remainders  of  evaporation  will  be  due  to  the  direct  action  of  the 
solar  rays,  the  direct  action  of  the  wind,  and  the  serenity.  With  these 
remainders  will  be  established  the  equations  of  condition  from  which 
are  to  be  found  the  coeflicients,  a,  r,  and  /,  relative  to  the  sine  of  the 
meridian  altitude  of  the  sun,  the  serenity,  and  force  of  the  wind. 

In  the  table  which  follows  will  be  found  united  all  the  necessary  ele- 
ments, that  is  to  say,  the  mean  value  of  the  sine  of  the  sun's  altitude 
for  every  month,  which  we  will  denote  by  sine  A,  the  volume  of  the 
clouds,  the  force  of  the  wind,  daily  evaporation  of  the  Gasparin  instru- 
ment, the  total  for  every  month,  by  both  the  atmometers,  and  their 
relation ;  finally,  the  remainders  of  that  of  Gasparin,  calculated  as  has 
been  above  stated. 
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Months. 


1865i 

May 

Jane 

July 

August 

September. 
October  . . . 
Jn'overaber . 
December. . 

1866. 
January . . . 
February . . 

March 

April 

May 

JUQC 

July 

An^ost .... 
Sept<:mber . 

October 

November  . 
December. . 


Sin  A. 


0.945 
0.067 
0.958 
0.911 
0.816 
0.683 
0.548 
0.478 


0.515 
O.GiiO 
0.768 
0.882 
0.945 
0.967 
0.958 
0.911 
0.816 
0.682 
0.548 
0.478 


38 
98 
15 
11 
24 
50 
55 
61 


53 

36 
49 
34 
43 
87 
6 
17 
30 
46 
38 
43 


o 


7.4 
11.2 
9.7 
6.9 
9.2 
10.9 
9.0 
&0 


&9 

9.9 

11.3 

a2 

6.5 
5.4 
9.8 
7.9 
4.4 
5.4 
7.6 
9.2 


Daily 
evaporation. 


MilUmeters. 
5.753 
7.074 
7.977 
7.490 
6.002 
3.524 
2.751 
1.928 


9.909 
3.159 
4.974 
5.633 
5.568 
6.232 
8.911 
7.547 
5.002 
3.236 
2.863 
8.495 


Total  in  the 
mouth. 


MQHmtUrt. 
17tf.33 
212.21 
247.30 
9J2.18 
180.06 
109.32 
82.54 
59.78 


68.46 

88.46 

154.19 

175.00 

172.61 

186.95 

276.24 

233.97 

150.05 

100.32 

85.89 

77.35 


Total 

evaporation, 

Vivenot. 


MWimtUrt. 

105. 21 

141.58 

159.08 

164. 1)1 

12a  92 

85.13 

83.73 

66.69 


77.24 

84. 72 

121. 08 

115.41 

131.41 

132.96 

214. 05 

183. 46 

122.75 

10a29 

96.32 

71.74 


Difference, 
G-V. 


MQUfMitrg. 
1.695 
1.313 
1.554 
1.416 
1.397 
1.284 
0.986 
0.896 


0.886 
1.044 
1.274 
1.516 
1.313 
1.406 
1.2<)1 
1.275 
1.222 
1.92G 
0.892 
1.078 


MiUimttert. 
2.528 
3.145 
3.538 
9.913 
2.149 
0.439 
0.488 
0.531 


0.994 
1.321 
2.785 
3.371 
9.648 
2.634 
4.442 
3.342 
1.223 
0.139 
0.593 
0.931 


With  the  numbers  of  the  1st,  2d,  3d,  and  last  cohimns  are,  formed 
twenty  equations,  which,  treated  by  the  method  of  least  squares,  yield 
the  three  following  equations : 

12.50  .  a+     503.18  .  v+  117.15  ./-     34.75=0  ) 
603.18  .  a+29270.00  .  i?+5883.60  ./-1117.61==0  S    -  -  -  (2) 
117.15  .  a+  5883.60  .  17+1449.90  ./-  341.62=0  ) 

These  equations  (2)  being  resolved,  we  find — 

•  a=+2. 9227;  i7=— 0. 0651  j  /=+0. 2642 

The  signs  of  these  coefficients  agree  with  the  considerations  before 
stated,  and  the  value  of  /,  coefficient  of  the  force  of  the  wind,  gives  a 
result  more  than  double  that  determined  by  the  Vivenot  atmometer,  as 
we  had  supposed  would  be  the  case  in  the  independent  description  of 
that  instrument. 

The  daily  evaporation  of  the  Gasparin  atmometer,  indicated  by  E', 
would  be  represented  by  the  formula — 

i?=T  .  0.20675-H  .  0.01517+F  .  0.2642-V  .  0.0651+  (sin  h)  .  2.9227 

where  T  is  the  daily  mean  temperature,  H  the  humidity,  F  the  force 
of  the  wind,  Y  the  quantity  of  the  clouds  expressed  in  hundredths  of 
the  sky  obscured,  and  sin  h  the  sine  of  the  meridian-altitude  of  the  sun. 
Calculated  by  this  formula,  we  obtain  the  following  results  for  the  daily 
evaporations,  which  in  the  annexed  table  are  placed  beside  those  ob- 
served, as  well  as  their  relative  differences : 
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Konth. 


January  ... 
February . 
March  . . . . . 

April.- 

May 

June 

Ja»y 

August  — 
September . 

October 

November . 
December.. 


1865. 


Calculated. 


MUHmeten. 


5.46G 
7.690 
&823 
8.345 
7.105 
4.701 
S.fi66 
a935 


Ob«erved. 


MiUimeten. 


5.753 
7.074 
7.977 
7.490 
6.003 
3. 524 
2.751 
1.928 


O-C. 


MUUmeten. 


+0.287 
-0. 816 
-0.846 
-0.855 
-1.103 
-1.177 
+0.085 
+0.993 


1866. 


Calculated. 


MUUmeten. 
1.6^ 
3.766 
4.327 
4.992 
4.599 
6.093 
9.465 
7.846 
5.373 
a  521 
3.404 
2.591 


Observed. 


MUUmeten. 
2.209 
3.159 
4.974 
S.833 
5.568 
&232 
a  Oil 
7.547 
5.002 
a236 
2.863 
8.495 


O-C. 


MUUmeten. 

+a5» 

-0.607 
+  0.W7 
+0. 841 

+a$«8 

+  0.139 
-0.554 
-0.899 
-0.371 
-a2b5 
-0.541 
-0.096 


From  the  differences  it  is  seen  that  the  results  obtained  by  this  in- 
strument also  are  sufficiently  exact  to  be  capable  of  being  approxi- 
mately  represented  with  the  special  formula,  and  the  accord  between 
the  calculation  and  the  observation  seems  to  us  satisfactory,  regard 
being  had  to  the  construction  and  conditions  of  situation  of  this  appa- 
ratus. 

The  daily  mean  thus  calculated  from  the  elements  of  the  twenty 
months  gives  a  result  equal  to  5™".156,  while  the  observed  mean  was 
6»»*.027  5  whence  we  have  the  difference,  0"".129,  so  that  the  total 
evaporation  as  calculated  for  the  twenty  months  is  found  to  be  equal  to 
3,145"^.16,  and  the  sum  of  the  Evaporation  observed  3,071°»".21— dif- 
ference, 73"°.95. 

The  daily  mean,  as  calculated  for  1866,  gives  a  result  of  4"".7852, 
and  the  total  in  the  twelve  months,  1,746™".60,  while  the  observed  wa. 
1,769"".49— difference,  22*»".89. 

Knowing,  therefore,  the  mean  force  of  the  wind,  the  mean  humidity, 
and  at  the  same  time  the  clearness  and  temperature,  we  shall  be  in  a 
position  to  verify  approximately  the  mean  monthly  and  annual  evapo- 
ration by  this  atmometer  exposed  to  the  direct  action  of  the  wind  and 
rays  of  the  sun.  We  have  not  all  these  elements,  and  hence  cannot  at 
present  apply  the  formula  in  its  entirety.  But,  for  a  first  approxima- 
tion, we  may  take  account  solely  of  the  temperature,  humidity,  and  alti- 
tude  of  the  sun,  having  the  coefficients  of  the  force  of  the  wind  and  vol- 
ume of  the  clouds  contrary  signs;  in  effect,  thus  calculated  the  evapora- 
tion for  1866  results  differently  from  that  observed,  which  was  1,769"".0 
by  only  56™".0. 

By  making  the  calculation,  with  the  relative  humidity  transcribed 
from  the  only  decennium  in  which  psychrometrical  observations  were 
conducted,  the  evaporation  in  the  open  air  yields  the  results  denoted  in 
the  following  table,  as  well  for  the  daily  mean  as  for  the  total  of  each 
month  and  each  season,  together  with  the  annual'  mean : 
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Months. 


January . - 
yobniary . 

March 

April 

May 

June 

July 

August  ... 
September 
October  .. 
November 
December 


Is. 


+10.98 
11.15 
12.42 
14.86 
18.59 
22.34 
25.04 
25.^ 
22.98 
19.68 
15.57 
12.30 


78.7 
77.7 
77.2 
76.1 
73.5 
72.0 
70.1 
69.3 
73.5 
75.7 
75.9 
80.7 


Sin  h» 


0.515 
0.630 
0.768 
0.882 
0.945 
0.967 
0.958 
0.911 
0.816 
0. 682 
0.548 
0.478 


6 

>  o 


^ 


2.595 
2. 982 
3.654 

4.508 
5.502 
6.366 
6.925 
6.838 
6.034 
4.926 
3. 682 
2.730 


^.2 


80.45 
84. 24 
113. 27 
135.24 
170.56 
190.98 
114. 68 
211.98 
181. 02 
152. 71 
110.46 
84.63 


By  seasons. 


Winter 249.32 


Spring 419.07 


Summer 617.64 


Autumn 444.19 


Annual  mean.  1, 730.  '22 


In  relation  to  rain,  by  comparing  the  total  monthly  evaporations  with 
themean  quantity  of  water  which  falls  in  each  mouth,  and  which  will 
be  found  recorded  in  one  of  the  preceding  tables,  it  will  be  seen  that 
the  evaporation  according  to  the  Oasparin  apparatus  is  about  equal  to 
the  rain  only  in  the  montJis  of  January  and  December^  being  always 
greater  in  the  other  ikonths ;  the  annual  evaporation  is  very  nearly 
thrice  the  Jieight  of  the  water  which  fallSj  and  equul  to  once  and  a  third 
of  that  in  the  shade,  or  a>s  denoted  by  the  atmometer  of  Yivenot.  From 
the  quantities  of  the  monthly  evaporation  calculated  after  both  instru- 
ments let  us  take  the  differences  referable  to  the  different  positions  of 
the  atmometers,  and  transcribe  them  in  connection  with  those  actually 
verified  in  18G6.  G — ^V  indicates  the  Gasparin  evaporation  less  that  of 
the  Vivenot  atmometer. 

Differences. 

G — V  fiom  calculation.     G — V  observed  in  1866. 
Millimeters.         Millimeters. 

January +10. 08  —  8. 78 

February +19. 12  +  3.  74 

March +33.  69  +33. 11 

April +43. 08  +59.  59 

May +51.  43  +41.  20 

June +52.41  +53.99 

July +54. 22  +62. 19 

August +50.34  +50.51 

September  ...   +38.  49  +27. 30 

October +26,  60  —  7. 97 

November +13. 92  —10.  43 

December +  5.  77  +  5. 61 

The  above  differences,  if  we  consider  the  disturbances  to  which  the 

Gasparin  atmometer  is  exposed  fi'om  rain  and  clouds,  discover  a  suffi- 
30  8 
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cient  agieement,  and  at  the  same  time  show  that  these  diflferences  in- 
crease from  January  till  the  month  of  July,  and  then  diminish  until 
December,  in  which  occurs  the  minimum  of  difference  for  tlie  two  in- 

stiTiments. 

In  calculating  the  evaporation  by  day  and  that  by  night  for  each 
month,  we  have  found  the  following  numbers : 


Months. 


Evaporation. 


January  -. 
February  . 

March 

April 

May 

June 

July 

August  . . . 
September 
October... 
November 
December . 


MiUimeters. 

Mnii  meters. 

1.96 

0.64 

2. 35 

0.63 

2,95 

0.70 

3.(U 

0.87 

4.38 

1.12 

4.99 

1.38 

5.30 

1.63 

5.02 

1.82 

4.27 

1.76 

3.26 

1.67 

2.48 

1.20 

j       1.93 

0.80 

3.06 
3.73 
4.21 
4.18 
3.91 
3.6-2 
3.25 
2.7G 
2.43 
1.95 
2.(r7 
2.41 


Thu^  the  greatest  evaporation  at  night  occurs  in  tlie  month  of  August^ 
the  least  in  February  ;  the  ratio  between  that  of  day  and  night  increases 
from  October  to  March^  and  then  diminislics  gradually  till  October. 

From  what  we  have  thus  been  able  to  compile  it  would  evidently  seem 
that  for  a  complete  study  of  the  subject  of  evaporation  it  is  indispens- 
able to  have  two  atmometers,  one  to  be  stationed  with  the  other  meteor- 
ological instruments,  and  defended  from  the  direct  action  of  the  wind 
and  rays  of  the  sun,  the  other  entirely  free.  For  the  latter  purpose  the 
construction  of  the  Gasparin  atmometer  is  suited,  for  the  former  that  of 
Vivenot,  though  it  might  be  expedient  to  give  to  this  last  greater  dimen- 
sions than  those  heretofore  employed. 


ON  THE  ELECTRICITY  OF  INDUCTIOIT  IN  THE  AERIAL  STRATA  OF  THE  ATMO- 
SPHERE WHICH,  IN  THE  SHAPE  OF  A  RING,  SIBBOUND  A  CLOUD  THAT 
IS  RESOLVING  INTO  BAIN,  SNOW,  OR  HAIL. 

By  Professor  Fr.  Zantedeschi, 
Of  the  Royal  Venetian  Institute  of  fkienoesj  Letters  and  Arts. 

[Extracted  from  Vol.  XII^  series  III,  of  the  Transactions  of  the  Institute.] 

Professor  Luigi  Palmieri  states  as  follows: 

"  Where  rain  is  falliijg  there  must  be  present  positive  electricity,  with 
a  zone  or  wave  of  negative  electricity  on  every  side,  which  zone,  in  tem- 
pestuous weatber,  may  extend  t«  ^  dvstauce  of  thirty  miles,  especially  in 
summer.    Upon  this  avi\>jee.l,  \3&\iet  %o  Tii^\i^  Oci^Ts^Navssvx^^  ^y^s^^casXsiV^^ 
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precise  metliods  and  under  favorable  circumstances,  I  feel  at  liberty  to 
deny  the  free  negative  electricity  of  a  serene  sky,  and  also  the  existence 
of  clouds  endowed,  as  a  property,  with  this  electricity,  maintaining  that 
the  negative  electriQity  only  manifests  itself  with  the  falling  of  the  rain, 
hail,  or  snow,  through  the  effect  of  the  influence  of  the  positive  electricity, 
which  is  copiously  developed  on  the  resolution  of  the  clouds  into  water. 
1  deem  it  useless  to  explain  how  negative  electricity  may  also  be  pres- 
ent when  rain  falls  on  the  place  of  the  observations,  for  this  indicates 
another  more  intense  rain  which  is  proceeding  at  a  certain  distance."* 

The  Rev.  Padre  A.  Secchi  shows  that  he  holds  the  same  doctrine,  for 
he  says : 

''In  regard  to  the  fact  asserted  by  Professor  Palmieri  that  nega- 
tive electricity  is  not  present  in  a  serene  state  of  the  sky,  except  in  the 
case  of  rain  actually  falling  on  the  spot,  or  at  least  at  some  distance  off 
and  in  view  of  the  horizon,  I  have  found  it  to  be  constantly  verified." 

He  also  recognizes  a  primary  negative  zone,  which  attends  a  storm 
through  the  effect  of  induction.t 

The  opinion  of  Professor  Palmieri,  thus  sustained  by  Rev.  Padre  A. 
Secchi,  is  wanting  in  point  of  positive  proof.  It  would  be  necessary,  iii 
order  to  supply  such  iiroof,  that  an  experimenter  should  be  stationed  at 
the  center  where  the  cloud  which  is  being  resolved  into  rain  is  directly 
superincumbent,  and  should  investigate  the  kind  of  electricity  of  the 
falling  shower ;  while  other  experimenters  should  be  placed  around  its 
periphery,  so  as  to  form  a  ring,  each  of  whom  should  explore  the 
nature  of  the  electricity  of  the  air  surrounding  the  dissolving  cloud. 
B3'  a  complete  experiment  like  this,  the  problem  propounded  by  Pro- 
fessor Palmieri  might  be  solved.  The  rain  falling  at  the  center,  endued 
with  positive  electricity  or  with  negative  electricity,  should  be  found  to 
have  around  it  a  circle  of  negative  electricity  or  of  positive  electricity. 

I  requested  Padre  A.  Secchi  to  make  this  experiment  in  the  environs  of 
Rome,  but  he  assured  me  that  it  could  not  be  carried  into  effect  there 
on  account  of  the  topographic  diflficulties  of  the  hills  which  encompass 
that  city.  Not  being  myself  able  to  prosecut^e  the  experiment  on  a 
large  scale  in  the  Euganean  region  and  the  circumjacent  cities  of 
Vicenza,  Lignano,  Badia,  Rovigo,  and  Padua,  I  limited  my  views  to  a 
cabinet  experiment,  which,  nevertheless,  appears  to  me  suflficient  for  the 
solution  of  the  proposed  problem.  I  suspended  to  a  thread  of  silk  a 
hollow  sphere  of  brass,  which  I  proceeded  to  electrify  now  positively 
and  again  negatively.  Arranging  around  it  the  wire  of  a  straw  electro- 
meter and  bringing  it  successively  nearer  to  the  electrified  sphere,  I 

•  Bolletino  metcoroJogico  delV  Osservatorio  del  CoUcgio  Ilomano,  Vol.  II,  No.  15,  p.  113, 
for  the  year  1863:  Letter  from  Signor  L.  Palmieri,  director  of  the  Osservatorio  Feswrwno, 
to  Padre  A.  Secchi. 

t  BoUelmo  meteorologico  delV  Osservatorio  del  CoUegio  Romano^  Vol.  II,  No.  17,  p.  129, 
for  1863 :  Reflections  of  Professor  Francesco  Zantedcschi  on  the  article  of  Padre  A, 
Secchi,  entitled :    AlHe  studii  dl  clcttricita  atmospJicrxca, 
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enabled  by  all  those  causes  to  note  the  passage  from  one  pbase  to  the 
other.  Such  is  the  origin  of  every  i)henojienon  previously  observed. 
After  having  established  this  law  by  many  personal  observations,  1  did 
not  fail  to  seek  for  its  corroboration  in  the  records  of  the  observations  of 
others;  and  many  facts  mentioned  by  Beccaria  seemed  to  me  derived 
from  that  law,  which  is  otherwise  corroborated  in  a  description  of  a  fall 
of  hail  observed  by  Oward.  Quetelet,  upon  hearing  of  this  law,  exam- 
ined the  records  of  his  own  observations,  and  found  it  corroborated  by 
them ;  and  he  then  proclaimed  it  also,  taking  my  observations  into  ac- 
count, but  not  giving  ihe  clearly  the  priority  of  discovery  that  undoubt- 
edly belonged  to  me.  Afterward  others  confirmed  said  law,  which  I 
never  failed  to  verify  whenever  opportunity  offered,  the  best  conditions 
being  to  have  a  very  extensive  horizon  and  a  rain  or  st^orm  commencing 
at  a  considerable  distance  from  the  observer,  approaching  him  with  the 
wind,  and  then  leaving  him  behind.  These  are,  in  fact,  the  only  condi- 
tions in  which  it  is  possible  to  verify  the  truth  of  the  above-mentioned 
law. 

On  the  20th  of  September,  1868,  on  or  about  11  o'clock  a.  m.,  there 
a[)peared  above  the  sea,  in  a  westerly  direction,  somewhere  beyond  the 
Tonzie  Islands,  a  cloud  of  very  small  dimensions.  Suspecting  a  storm, 
I  used  the  apparatus  with  movable  conductor,  and  noticed  a  strongly 
positive  tension,  indicating  a  distant  rain;  and  suspending  the  con- 
ductor in  an  elevated  position,  the  oscillations  of  the  gold  plates  of  Boh- 
nenberger's  electroscope  indicated  lightning.  The  wind  was  very  weak 
and  coming  from  southwest,  bringing  the  storm  toward  the  observatory. 

At  noon  the  tension  became  negative,  and  after  a  few  moments,  dm- 
ing  which  it  was  null,  and  when  already  could  be  heard  the  thunder-claps 
of  the  approaching  storm,  the  negative  tension  increased  so  as  to  emit 
sparks ;  thunder  was  heard  more  distinctly,  and  rain  was  seen  falling 
on  the  Campania.  At  1  o'clock  j).  m.  rain  was  fidling  upon  the  observa- 
tory, and  the  tension,  passing  through  0,  became  i)ositive.  At  3  p.  m. 
rain  had  ceased  to  fall  on  the  observatory,  but  was  falling  over  Castel- 
lamare,  giving  again  a  strong  negative  tension.  Over  the  Mounts  of 
Castellamare  it  ceased  to  rain,  and  positive  electricity  returned,  but  with 
a  weak  tension  of  15^.  Had  the  storm  kept  on  its  primary  course  east 
of  the  observatory,  there  should  have  been  a  strong  positive  tension 
( 4-  CO).    In  this  case,  therefore,  the  last  phase  alone  failed  to  be  observed. 

Whoever  found  himself  in  elevated  places,  or  upon  the  open  sea,  must 
have  often  noticed  two  or  more  rains,  each  distinct  from  the  other,  fall- 
ing with  small  intervals  between  them  ;  and  this  explains  why  apparent 
exceptions  are  often  recorded  against  the  universality  of  the  law.  Let 
us  suppose,  for  instance,  that  on  the  spot  where  is  the  observer  a  rain  is 
falling,  while  another,  stronger,  falls  at  some  distance;  then  it  becomes 
evident  that,  if  positive  and  negative  electricity  were  to  bo  obtained 
from  the  first  stronger  than  from  the  second,  with  the  rain  falling  \i\you 
the  observatory,  tVxerG  sYlowYOlX^^  Vu \X  vkft^'^XSx^  ^'^^^xSrxV^*    ^VL<i  this  is 
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the  origin  of  the  assnined  negative  rains,  as  well  as  of  the  supposed  nega- 
tive clonds,  two  errors  as  yet  tanght  by  some  authorities.  After  twenty 
years  of  study  of  electricid  meteorology,  I  believe  I  have  aequired  the 
right  to  reject  many  errors,  without  caring  about  the  names  of  those  by 
whom  those  errors  were  accredited.  But,  giving  a  proper  interpretation 
to  the  facts  recorded  by  diligent  and  eminent  observers,  instead  of  ob- 
jections to  the  truth  of  the  principle  I  have  ex[K)sed,  we  discover  in  them 
the  proof  of  what  I  have  said.  Man}',  for  instance,  u[>on  the  authority 
of  Beccaria,  affirm  the  production  of  electricity  in  pui*e  atmosphere,  (del 
sereno,)  and  I  have  demonstrated  that  this  can  only  take  place  when,  at 
some  distance  from  the  place  of  observation,  rain,  hail,  or  snow  is  fall- 
ing. Xow,  by  a  careful  perusal  of  the  illustrious  electrician's  works,  we 
see  that,  instead  of  a  refutation  of  my  principle,  there  is  in  them  what 
might  entitle  him  to  the  right  of  priority  in  the  discovery.  The  follow- 
ing passage  from  Beccaria's  works  seems  quite  clear:  '^Electricity  in  pure 
atmosphere  is  ahcays  in  excess,  and  whenever  in  serene  atmosphere  elec- 
tricity in  defect  is  observed,  it  has  been  carried  there  by  wind  from  some 
part  of  the  atmosphere,  as  distant  as  it  might  be,  where  there  are  actually 
clouds,  snow,  rain,  or  hail.'^^  It  is  evident  that  the  diligent  observer 
derives  the  electricity  in  such  case  from  a  distant  region,  not  serene, 
and,  instead  of  the  influx,  believes  it  to  be  carried  by  the  wind ; 
but  the  fact  of  electricity  becoming  negative  alter  the  storm  had  passed 
the  place  of  observation,  and  was  carried  eastward  by  a  gentle  wind,  as 
previously  described,  would  be  sufficient  to  preclude  the  idea  of  the  wind 
as  carrier  of  negative  electricity,  even  had  I  not  observed,  a  hundred 
times,  electricity  with  the  most  perfect  calm.  Suppressing,  therefore, 
the  word  cloud  in  Beccaria's  sentence  above  reproduced,  it  will  remain 
a  fact  that  negative  electricity  in  serene  atmosphere  is  obtained  only 
when,  at  a  distance  from  the  place  of  observation,  rain,  hail,  or  snow  is 
falling. 

Peltier  had  observed  negative  electricity  in  presence  of  certain  clouds 
of  a  dark-bluish  color,  and  thought  that  their  electrical  nature  might 
be  made  known  by  their  color.  When  clouds  at  a  distance  resolve 
themselves  in  rain  they  exactly  assume  that  color  described  b^'  the  French 
physicist,  and  the  falling  rain  produces  negative  electricity.  Thus  my 
observations  are  confirmed,  not  refuted. 

The  existence  of  clouds  loaded  with  negative  electricity  pertaining  to 
them  has  been  attributed  either  to  the  negative  electricity  often  observed 
with  a  fall  of  rain  at  the  place  of  observation,  or  to  the  same  electricity 
observed  in  presence  of  clouds.  We  have  explained  how  the  first  is 
produced;  the  second  is  a  certain  sign  of  distant  rain.  On  the  Vesuvius 
Observatory'  clouds  often  pass  in  such  a  way  as  to  surround  the  whole 
building;  yet  in  many  years  of  continued  observations,  with  fixed  and 
movable  conductors,  I  have  never  met,  under  those  conditions,  with 
negative  electricity. 
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CLIMATE  OF  KANSAS. 

.By  R.  S.  Elliott, 
Industrial  agent  Kansas  Pacific  Bailway. 

Pond  Creek  Station,  Kansas  Pacific  Eaxlway, 

September  22, 187a 

I  have  been  on  the  Plains  nearly  all  the  time  from  early  in  May  till  this 
date.  There  has  been  mach  dry  weather,  but  I  have  riot  seen  one  cloud- 
less day ;  no  day  on  which  the  sun  would  rise  clear  and  roll  along  a  canopy 
of  brass  to  the  west.  There  has  always  been  humidity  enough  to  form 
clouds  at  the  proper  height,  and  on  many  days  they  Would  be  seen 
defining,  by  thin  flat  bottoms,  the  exact  line  where  the  condensation 
became  sufficient  to  render  the  vapor  visible.  The  sun  would  be  only 
partially  obscured  at  intervals,  the  condensation  not  being  of  a  character 
materially  to  lessen  the  effect  of  his  rays  in  giving  us  heat  and  light, 
until  in  the  after  part  of  the  day,  when  appearances  of  a  storm  were  apt 
to  present  themselves  in  some  part  of  the  heavens ;  only,  however,  too 
often  to  pass  away  without  giving  us  the  desired  shower. 

I  conclude  from  all  this  that  abundant  moisture  has  floated  over  the 
Plains  to  have  given  us  a  great  deul  more  rain  than  would  be  desirable 
if  it  had  been  precipitated. 

Sometimes  a  storm  would  be  seen  to  gather  near  the  horizon,  and  we 
could  see  the  rain  pending  from  the  clouds  like  a  fringe,  hanging  appar- 
ently in  mid-air,  unable  to  reach  the  expectant  earth.  The  rain  stage 
of  condensation  had  been  reached  above,  but  the  descending  shower 
was  revaporized  apparently,  and  thus  arrested. 

In  a  moderately  calm  day — for  our  calms  are  only  moderate  in  this 
airy  region — ^I  have  observed  little  columns  of  dust  to  arise  in  all  direc- 
tions, generally  widely  scattered.  These  usually,  if  not  always,  coin- 
cided with  mirage  in  all  directions;  not  that  they  appeared  in  the 
mirage,  but  coincided  in  the  day  of  their  appearance.  The  mirage, 
however,  very  often  appeared  on  days  too  windy  for  the  little  columns 
to  be  formed ;  they  being  only  whirlwinds  rendered  visible  by  the  dust 
taken  up.  Within  forty-eight  hours  after  the  little  column  phenomena, 
I  have  noted  that  the  wind  is  apt  to  be  coming  strongly  from  the  north- 
ward, laden  with  a  mist  or  scud  that  sometimes  reaches  the  dignity  of 
rain. 

The  changes  of  wind  are  often  very  sudden,  from  southward — the 
prevailing  point  in  summer — to  all  points,  but  mainly  to  the  north. 
Sometimes  this  change  is  observed  during  the  progress  of  a  rain-storm, 
and  aeerm  to  be  due  to  a  sort  of  locjil  or  limited  cyclone ;  but  the  differ- 
ence in  temperature  between  the  south  and  north  winds  seems  to  forbid 
the  cyclone  theory.  I  cannot  understfind  how  a  circuit  of  a  few  hun- 
dred miles  in  the  heated  prairie  should  so  cool  a  current  that  had  only 
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whirled  by  us  a  very  short  time  before.    If  we  reject  the  cyclone  theory 
we  must  suppose  parallel  but  opposite  currents,  in  streaks,  thus : 


^2^     > 


On  15th  July  last  I  witnessed  a  fine  example  of  this  sudden  change 
of  direction  and  temperature  in  the  wind.  A  storm  arose,  with  light- 
ning in  the  west,  the  southwest,  and  the  northwest.  The  railway  train 
was  going  eastward  at  the  distance  of  about  three  hundred  and  twenty- 
five  miles  west  from  Kansas  City.  We  were  soon  enveloped  in  the 
storm,  rain,  and  wind  so  strong  from  the  north  that  the  wheels  of  the 
coaches  could  be  felt  grating  their  flanges  on  the  south  rail,  and  the 
rain,  striking  the  end  windows  of  the  car,  ran  across  in  a  true  horizon- 
tal line.  In  a  few  minutes  the  temperature  had  fallen  so  low  as  to  be 
uncomfortable ;  but  in  a  run  of  not,  I  think,  over  ten  miles,  we  were 
again  in  the  warm  winds  usual  at  that  season,  and  these,  by  contrast, 
seemed  to  be  the  ^of  winds  sometimes  experienced. 

These  hot  winds  are  not,  so  far  as  I  have  observed,  apt  to  be  constant 
in  one  place  for  any  considerable  length  of  time ;  they  strike  your  face 
suddenly,  and  in  perhaps  a  minute  are  gone.  They  seem  to  nin  along 
in  streaks,  or  ovenfulhy  with  the  winds  of  ordinary  (but  rather  high) 
temperature.  They  do  not  begin,  I  believe,  till  in  July,  as  a  general 
rule,  and  are  over  by  September  1,  or  perhaps  by  August  15.  Their 
origin  I  take  to  be,  of  course,  in  heated  regions  south  or  southwest  of 
us ;  but  their  peculiar  occurrence,  so  capricious  and  often  so  brief,  I 
cannot  explain  to  myself  satisfactorily. 

I  have  no  rain-gauge  record  at  hand  for  this  and  past  seasons ;  but  I 
may  remark  that  this  season,  since  about  15th  of  July,  in  these  distant 
plains,  has  given  us  rain  enough  to  make  beautifully  verdant  the  spots 
in  the  prairie  burned  off  during  the  "  heated  term  "  of  July.  From  Kit 
Carson  eastward  the  rains  have  been,  I  think,  exceptionally  abundant. 
All  through  the  summer  we  have  had  dew  occasionally  5  and  it  has  been 
remarked  that  buffalo  meat  has  been  more  difficult  of  preservation  than 
heretofore ;  facts  indicative  of  humidity  in  the  atmosphere,  even  when 
but  little  rain-fall  was  witnessed.  Turnips  sown  in  August  would  have 
made  a  crop,  without  irrigation,  in  this  vicinity,  four  hundred  and  twen- 
ty-two miles  west  of  the  State  line  of  Missouri,  and  about  three  thou- 
sand two  hundred  feet  above  the  sea-level. 

Facts  such  as  these  seem  to  sustain  the  popular  persuasion  in  Kansas, 
that  a  climatic  change  is  taking  place,  promoted  by  the  spread  of  settle- 
ments westwardly;  breaking  up  portions  of  the  prairie-soil;  covering 
the  earth  with  plants  that  shade  the  ground  more  than  the  short  (gra&aes^^ 
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thus  cbeckiiig  or  modifyiug  the  reflection  of  hexit  from  the  earth's  sur- 
face, &c.  The  fact  is  also  noted  that  even  where  the  prairie  soil  is  not 
disturbed,  the  short  buffalo-grass  disappears  as  the  ^'frontier*'  extends 
w  estward,  and  its  place  is  taken  by  grasses  and  other  herbage  of  taller 
growth.  That  this  change  of  the  clothing  of  the  Plains,  if  sufficiently 
extensive,  might  have  a  modifying  influence  on  the  climate,  I  do  not 
doubt;  but  whether  the  change  has  been  already  spread  over  a  large 
enough  area,  and  whether  our  apparently  or  really  wetter  seasons  may 
not  be  only  part  of  a  cycle,  are  unsettled  questions. 

The  ci\il  engineers  of  this  railway  believe  that  the  rains  and  humiditj' 
of  the  Plains  have  increased  during  the  extension  of  the  railroads  and 
telegraphs  across  them.  If  this  is  the  case,  it  may  be  that  the  myste- 
rious electrical  influence  in  which  they  seem  to  have  faith,  but  do  not 
profess  to  explain,  has  exercised  a  beneflcial  influence.  What  effect,  if 
any,  the  digging  and  grading,  the  iron  rails,  the  tension  of  steam  in 
locomotives,  the  friction  of  metallic  surfaces,  the  poles  and  wires,  the 
action  of  batteries,  &c.,  could  possibly  or  i)robably  have  on  the  electri- 
cal  conditions,  as  connected  with  the  phenomena  of  precipitation,  I  do 
not,  of  course,  undertake  to  say.  It  may  be  that  wet  seasons  have 
merely  happened  to  coincide  with  railroads  and  telegraphs.  It  is  to  be 
observed  that  the  poles  of  the  telegraph  are  quite  frequently  destroyed 
by  lightning;  and  it  is  probable  that  the  lightning  thus  discharges  in 
many  x>laces  where  before  the  erection  of  the  telegraph  it  was  not  apt  to 
do  so,  and  perhaps  would  not  reach  the  earth  at  all. 

I  trespass  on  your  attention  with  these  crude  remarks,  not  knowing 
but  what  I  might  possibly  lead  your  thought  to  something  of  value  iu 
connection  with  meteorological  phenomena  in  this  distant  but  interest- 
ing region.  You  will  readily  see  that  I  have  no  claim  to  the  possession 
of  meteorological  knowledge,  in  the  higher  sense  of  the  term. 

I  may  state  that  during  the  past  season,  from  April  to  Julj',  wheat 
was  grown  and  matured,  icWiout  irrigation^  at  a  i)oint  on  the  Plains 
three  hundred  and  seventy-six  miles  west  of  Kansas  City,  and  two  thou- 
sand nine  hundred  and  forty-eight  feet  above  the  sea.  A  sample  has 
been  sent  to  the  Department  of  Agriculture.  This  wheat,  about  meri- 
dian 101,  sustains  the  views  of  the  article  I  took  the  liberty  of  sending 
you  in  March  last  on  the  "  Climate  of  the  Plains." 
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From  Porter's  (Commodore)  Camtantinophj  1835,  Vol.  I,2>p.  43-47. 


[Our  attentiou  has  been  called  to  the  following  account  of  a  remark- 
able hail-storm,  published  in  the  letters  of  the  late  Commodore  Porter, 
of  the  United  States  Navy,  a  work  now  out  of  print  and  not  likely  to 
meet  the  eye  of  meteorologists. — J.  H.] 

On  our  way  from  the  residence  of  the  minister  to  meet  the  Ecis 
Effendi,  at  Candalie,  half  way  between  this  and  Constantinople,  and  a 
few  minutes  after  leaving  the  landing,  I  witnessed  a  scene  the  most 
awful  and  appalling  that  the  imagination  can  depict. 

In  a  six-oared  kaick,  the  American  minister,  his  secretarj^,  &c.,  and 
myself,  with  his  kervoss,  started  with  the  treaty  and  regalia  of  about 
thirty  thousand  dollars  worth  of  snuff-boxes,  which  you  might  have  put 
in  your  coat  pocket.  We  had  got  perhaps  a  mile  and  a  half  on  our 
way,  when  a  cloud  rising  in  the  west  gave  indication  of  an  api>roach- 
ing  rain.  In  a  few  minutes  we  discovered  something  falling  from  the 
heavens  with  a  heavy  splash,  and  of  a  whitish  appearance.  I  could  not 
conceive  what  it  was,  but  observing  some  gulls  near,  I  supposed  them 
to  be  darting  for  fish ;  but  soon  after  discovered  that  they  were  large 
balls  of  ice  falling.  Immediately  we  heard  a  sound  like  rumbling  thun- 
der, or  ten  thousand  carriages  rolling  furiously  over  the  pavement. 
The  whole  Bosphorus  was  in  a  foam,  as  though  heaven's  artillery  had 
been  discharged  upon  us  and  our  frail  machine.  Our  fate  seemed  inev^- 
itable ;  our  umbrellas  were  raised  to  protect  us ;  the  lumi)s  of  ice  stripped 
them  into  ribands.  We  fortunately  had  a  bullock's  hide  in  the  boat, 
under  which  we  crawled  and  saved  ourselves  from  further  injury.  One 
man,  of  the  three  oarsmen,  had  his  hand  literally  smashed ;  another 
much  injured  in  the  shoulder ;  Mr.  H.  received  a  severe  blow  in  the  leg ; 
my  right  hand  was  somewhat  disabled,  and  all  more  or  less  injured. 

A  smaller  kaick  accompanied,  with  my  two  servants.  They  were 
both  disabled,  and  are  now  in  bed  with  their  wounds ;  the  kaick  was 
terribly  bruised.  It  w-as  the  most  awful  and  terrific  scene  that  I  ever 
witnessed,  and  God  forbid  that  I  should  ever  be  exposed  to  such  another. 
Balls  of  ice  as  large  as  my  two  fists  fell  into  the  boat,  and  some  of  them 
came  with  such  violence  as  certainly  to  have  broken  an  arm  or  a  leg, 
had  they  struck  us  in  those  parts.  One  of  them  struck  the  blade  of  an 
oar  and  split  it.  The  scene  lasted,  may  be,  five  minutes ;  but  it  was 
five  minutes  of  the  most  awful  feeling  that  I  ever  experienced.  When 
it  passed  over  we  found  the  surrounding  hills  covered  with  masses  of 
ice,  1  cannot  call  it  hail  j  the  trees  stripped  of  lU^k  V^^n^%  ^\vk  \jccfi5«^^ 
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and  everything  looking  desolate.  We  proceeded  on  our  course,  how- 
ever, and  arrived  at  our  destination  drenched  and  awe-struck.  The  ruin 
had  not  extended  so  far  as  Candalie,  and  it  was  diflBcult  to  make  them 
comprehend  the  cause  of  the  nervous  and  agitated  condition  in  which 
we  arrived ;  the  Reis  Effendi  asked  me  if  I  was  ever  so  agitated  when 
in  action  ?  I  answered  no,  for  then  I  had  something  to  excite  me,  and 
human  means  only  to  oppose.  He  asked  the  minister  if  he  was  ever  so 
affected  in  a  gale  of  wind  at  sea.  He  answered  no,  for  then  he  could 
exercise  his  skill  to  disarm  or  render  harmless  the  elements.  He  asked 
him  why  he  should  be  so  aflTected  now.  He  replied,  "  From  the  awful 
idea  of  being  crushed  to  death  by  the  hand  of  God  with  stones  from 
heaven,  when  resistance  would  be  vain,  and  when  it  would  be  impions 
to  be  brave."  He  clasped  his  hands,  raised  his  eye9  to  heaven,  and  ex- 
claimed, "  God  is  great!" 

Up  to  this  hour,  late  in  the  afternoon,  I  have  not  recovered  my  com- 
posure ;  my  nerves  are  so  aflTected  as  scarcely  to  be  able  to  hold  my  pen 
or  communicate  my  ideas.  The  scene  was  awful  beyond  all  description. 
I  have  witnessed  repeated  earthquakes,  the  lightning  has  played,  as  it. 
were,  about  my  head  5  the  wind  roared,  and  the  waves  have  at  one 
moment  thrown  me  to  the  sky,  and  the  next  have  sunk  me  into  a  deep 
abyss.  I  have  been  in  action,  and  have  seen  death  and  destruction 
around  me  in  every  shape  of  horror ;  but  I  never  before  had  the  feeling 
of  awe  which  seized  upon  me  on  this  occasioh,  and  still  haunts,  and  I 
feel  will  ever  haunt  me.  I  returned  to  the  beautiful  village  of  Buyuc- 
denfe.  The  sun  was  out  in  all  its  splendor  5  at  ^  distance  all  looked  smil- 
ing and  charming,  but  a  nearer  approach  discovered  roofs  covered  with 
workmen  repairing  the  broken  tiles  5  desolate  vineyards,  and  shattered 
windows.  IVfy  porter,  the  boldest  of  my  family,  who  had  ventured  an 
instant  from  the  door,  had  been  knocked  down  by  a  hailstone,  and  had 
they  not  dragged  him  in  by  the  heels  would  have  been  battered  to 
death.  Of  a  flock  of  geese  in  front  of  our  house,  six  were  killed,  and 
the  rest  dre<adfully  mangled.  Two  boatmen  were  killed  in  the  upper 
part  of  the  village,  and  I  have  heard  of  broken  bones  in  abundance. 
I^Iany  of  the  thick  brick  tiles  with  which  my  roof  is  covered  are 
smashed  to  atoms,  and  my  house  was  inundated  by  the  rain  that  suc- 
ceeded this  visitation.  It  is  impossible  to  convey  an  idea  of  what  it 
was.  Imagine  to  yourself,  however,  the  heavens  suddenly  frozen  over, 
and  as  suddenly  broken  to  pieces  in  irregular  masses,  of  from  half  a 
pound  to  a  pound  weight,  and  precipitated  to  the  earth.  My  own  ser- 
vants weighed  several  pieces  of  three-quarters  of  a  pound,  and  many 
were  found  by  others  of  upward  of  a  pound.  There  were  many  which 
fell  around  the  boat  in  which  I  was  that  appeared  to  me  to  be  as  large 
as  the  swell  of  the  large-sized  water  decanter.  I  have  heard  of  a  stout 
tree  in  my  neighborhood,  into  the  crotch  of  which  a  mass  of  ice  fell 
which  split  the  tree  as  though  it  had  been  riven  by  a  wedge  of  iron. 
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Bt  Lieutenant  George  M.  Bache,  U.  S.  A. 


One  of  those  terrific  hail-storms  often  heard  of,  but  seldom  experi- 
enced, visited  this  city  last  evening.*  Captain  A.,  Doctor  B.,  and  my- 
self were  returning  from  a  day's  fishing  some  ten  miles  from  San  An- 
tonio, in  an  army  ambulance,  about  7  p.  m.,  when  we  first  noticed  indica- 
tions of  rain.  Dark  clouds  were  rising  in  the  northwest,  accompanied 
with  a  great  deal  of  what  we  at  first  supposed  to  be  heat  lightning. 
This  gradually  became  more  vivid,  the  clouds  blacker,  the  thunder  be- 
gan to  make  itself  heard,  and  our  first  supposition  of  a  light  shower 
changed  to  a  certain  prospect  of  a  severe  storm. 

The  mules  were  put  to  their  most  rapid  gait,  with  the  hope  of  reach- 
ing town  before  the  tempest  assailed  us,  but  to  no  purpose ;  it  broke  on 
us  when  we  were  about  two  miles  lix)m  home.  A  fierce  wind  from  about 
due  north,  driving  sheets  of  rain  right  in  our  faces,  put  a  stop  to  any 
further  progress,  and  compelled  us  to  turn  the  ambulance  from  the  di- 
rection of  the  storm  into  the  "mesquite"  bushes,  where  we  prepared 
ourselves  to  quietly  sit  and  take  the  result.  Suddenly,  however,  some- 
thing struck  the  side  of  the  ambulance,  with  a  noise  similar  to  that  of 
a  stone  violentlj'^  thrown — another,  and  another — and  now  we  hear  the 
resounding  thuds  on  the  bodies  of  the  mules,  and  the  war  of  the  ele- 
ments has  commenced  in  earnest.  Neither  mule  nor  man  was  prepared 
for  this,  and  the  former,  beaten  to  infuriation,  dashed  off  wildly  into  the 
mesquite  bushes.  It  was  impossible  to  see,  and,  fearing  a  capsize  and 
a  drag  in  the  chaparral,  we  jumped  out,  still  not  realizing  what  was  upon 
us  5  for  all  this  had  happened  in  a  few  moments  of  time. 

Continuous  blows  on  the  head,  body,  and  legs  soon  enabled  us  to  real- 
ize the  serious  nature  of  our  condition.  Stones  of  ice  of  all  shapes  and 
of  the  size  of  the  fist,  cut  and  bruised  our  bodies,  and  with  our  arms 
crossed  above  our  heads  we  rushed  to  secure  the  slight  protection  of  a 
mesquite  bush,  there  being  no  trees  on  the  prairie.  We  were  each  at 
different  times  knocked  down  by  blows  about  the  head ;  one  of  us,  Cap- 
tain A.,  three  times.  Cut,  bleeding,  bruised,  and  still  with  no  prospect 
of  abatement,  not  knowing  how  long  such  a  phenomenon  might  last,  nor 
how  soon  we  might  be  rendered  senseless,  we  felt  our  situation  as  by 
no  means  enviable. 

In  the  mean  time,  the'  mules,  which  having  again  headed  the  storm  in 
their  fury  were  nearly  stunned  by  repeated  blows  on  the  head  and  sides, 
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came  near  us,  bein^  driven  before  tbe  storm,  but  too  much  weakened  to 
move  rapidly.  We  took  advantage  of  tbis  and  leaped  into  tbe  ambu- 
lance, cboosing  tbe  lesser  evil.  Providentially  tbe  wbeels  of  tbe  car- 
riage became  locked  in  a  rail  fence,  and  tbe  mules  were  too  mucb  ex- 
bausted  to  do  any  more  running.  We  put  tbe  seats  over  our  heads,  and 
tbus  protected,  drencbed,  sbivering  witb  cold,  and  continually  beaten 
on  tbe  legs  and  sides,  we  awaited  tbe  subsidence  of  tbe  storm.  Tbe 
falling  of  tbe  bail  lasted  twenty-two  minutes,  commencing  at  half  past 
eight  p.  m.  It  was  accompanied  witb  heavy  rain,  bright  blinding  fla.slies 
of  lightning,  and  a  continuous  roar,  varied  with  sharp  crashes,  of  thunder. 
Tbe  rain  ceased  witb  tbe  hail,  but  fell  very  heavily  again  during  tbe 
night,  causing  a  rise  of  nearly  twenty  feet  in  the  San  Antonio  river. 
Tbe  curtains  of  our  ambulance  were  cut  to  ribbons,  and  we  scarcely 
thought  the  mules  would  live  through  the  tempest,  but  they  did,  and, 
though  much  bruised  and  stunned,  brought  us  safely  to  town.  With 
black  eyes,  bloody  heads,  smashed  hats,  bruised  arms,  and  torn  and 
muddy  clothes,  we  appeared  as  if  we  had  just  come  from  a  free  fight 
and  had  been  very  badly  used.  Indeed,  experience  only  could  have 
convinced  us  that  any  one  could  have  endured  exposure  to  such  a  vio- 
lent storm  and  lived. 

We  found  our  house  flooded  witb  water,  and  all  the  window  panes 
and  Venetian  blinds  on  its  north  side  smashed  to  pieces.  Persons  who 
were  in  the  bouse  describe  the  noise  of  tbe  hail  as  it  struck  the  roof 
and  sides  as  exceedingly  terrific.  The  next  morning  the  town  pre- 
sented tbe  appearance  of  a  bombarded  city.  The  bouses  appeared  as  it 
thousands  of  shots  had  been  fired  against  their  walls  and  roofs  at  point- 
blank  range.  The  walls  of  our  bouse,  covered  with  an  inch  thickness  of 
plaster  on  the  outside,  show,  as  in  the  inclosed  photograph,  the  innumer- 
able dents  made  by  the  hail.  Shingle  roofs  were  broken  by  the  hail  and 
scattered  in  pieces  by  tbe  wind.  Large  boles  were  cut  through  tin  roofs 
and  gutters.  Several  bouses  were  entirely  unroofed ;  among  others,  that 
of  General  Mason,  who,  with  his  family,  took  refuge  in  a  doorway.  The 
walls  of  an  old  church  were  blown  down  and  its  roof  deposited  in  the 
street.  Trees,  in  some  instances,  were  torn  up  by  the  roots,  and  in 
others  thrown  down.  In  one  case  a  hailstone  penetrated  the  roof  of  a 
house  and  did  not  spend  its  force  until  it  reached  the  floor.  The  trees 
and  bushes  were  entirely  stripped  of  their  foliage,  and  small  branches  cut 
off.  The  Indian  corn  was  cut  down  as  if  witb  a  scythe,  and  vegetables 
and  flowers  beaten  into  the  ground.  Tbe  largest  authenticated  stone 
that  I  have  heard  of  weighed  two  pounds,  thougli  there  are  yarious 
reports  of  five  and  six-pounders.  The  stones  probably  averaged  from 
four  to  eight  ounces,  and  were  of  the  size  of  the  fist  and  upwards.  Tlie 
very  large  ones,  of  two  pounds  and  thereabouts,  must  bave  been  few 
and  far  between,  as  nothing  could  have  withstood  them.  They  were 
irregular  in  shape,  as  if,  in  their  descent,  many  had  been  frozen  together 
and  thus  formed  one  mass  as  hard  as  rock. 
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A  woman  who,  with  hi?r  husband,  had  camped  out  on  the  prairie,  had 
two  ribs  broken,  and  was  thought  tojbe  fatally  injured.  A  dof?  was  killed 
outright;  and  there  are  numerous  cases  of  cuts  and  bruises,  more  or 
less  severe.  There  are  also  reports  of  fatal  casualties  to  human  life  in 
the  vicinity,  which  have  not  yet  been  authenticated.  The  momentum 
of  the  hail-stones  is  shown  by  the  fact,  as  witnessed  by  myself,  of  a  hole 
about  four  inches  in  diameter  through  both  sides  of  a  sheet-iron  stove- 
pipe which  rose  from  the  roof  of  a  small  out-house  in  the  garden  and 
did  service  as  a  chimney.  Boards  of  fences  were  knocked  off  and  split 
in  pieces,  and  trees  barked  as  if  by  cannon  balls.  I  think  the  storm  of 
hail  not  to  have  extended  over  a  path  of  more  than  two  miles  in  width. 
We  hear  of  the  storm  having  visited  other  places,  but  having  no  com- 
munication, save  by  stages  and  a  semi-weekly  paper,  we  have  not  yet 
learned  its  course.  The  hail  came  down  at  an  angle  of  about  30°  from 
the  horizontal,  and  lowered  the  temperature  from  90^  to  64^  Fahrenheit. 
The  day  had  been  close  and  sultry.  The  temperature  again  rose  after 
the  storm,  and  the  stones  on  the  ground  were  soon  melted. 
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